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THE ESTIMATION of LEVEL SPEED 


A Simple Routine Method : Use of Non-dimensional Parameters 


By KEITH TURNER, 


HIS note describes a simple routine method of esti- 
mating the level speed of an aeroplane under any 
conditions. It is put forward as an alternative to 
that in Mr. C. F. Toms’ article on ‘‘ Performance Estima- 
tion” in The Aircraft Engineer of October 5th, 1939: it 
has the advantage that it is a direct method enabling an 
accurate answer to be obtained straight off without the 
need for successive approximations. 
The symbols used are : 
A (assumed constant) = parasite drag + 
B (assumed constant) = induced drag 
P (assumed independent of v) = thrust power, i.e 
brake power multiplied by net airscrew efficiency 
X and Y = non-dimensional parameters 
v = true air speed 
p = air density 
The problem is, given A, B and P, to determine v. It is 
Necessary, as Mr. Toms has pointed out, to use values of 
A, B and P appropriate roughly to the expected value of v. 
We have 
drag 


3 
= Apv? + - and hence 


P = Apv*® + - 7“ +s oe ee 
pu 
By introducing the non-dimensional coefficients 
 o (5) 
AB*, 
and Y = v'( a 
\ B 
Equation (1) can be re-written in the form : 
Xi = Y?+ Y-é 
This is one only of many non-dimensional forms into 
which the equation could be put, depending on the defini- 
tion: given to X and Y. Itis, however, the only form having 
the property that a. Y increases, (X — Y) tends to a finite 
limit. Thanks to this property, the variation of (X — Y) 
throughout the range relevant to the present problem is 
small. 

In the accompanying diagram (X — Y) is plotted against 
X*. This power of X was chosen mainly owing to the 
ease with which it can be calculated by slide-rule or logar- 
ithms. ; 


The Routine Procedure. 
The procedure for finding v can now be stated thus: 

(a) from equation (2) work out X, and also x* 

(b) from the graph find (X — Y), and hence Y 

(c) lastly, from equation (3) work out v 
All the above equations are true for any system of units, 
provided it is consistent. Thus if v is expressed in ft./sec., 
pshould be in slugs/cu. ft. and P in ft. Ib./sec. 


B.A. 


Accuracy 
The accuracy of the method is limited 
accuracy with which the graph can be read 
to which the diagram is here reproduced is sufficient, even 
in the least favourable cases, for determining v to within 
or ft./sec. — which is comfortably in excess of normal! 
requirements. 


only by the 
The scale 


A Numerical Example. 

A twin-engined aeroplane weighs 12,000 Ib. and has a 
span of 55ft. The net efficiency of its airscrews is 83 per 
cent., and data available indicate that its parasite drag 
IS 5-12 pv® (in ft.-lb.-sec. units What will be its level speed 
when the engines are delivering 840 b.h.p. each at 13, 500ft. ? 

We have : 

A = 5'12 

P=2 3 X 550 

p ‘001570 at 13,500!t 
and, assuming a factor of allow fo 
load distribution 


2 /12,000\* 
B —|- — } 


m\ 55 


540 xX Ore 


= 769.000 


non-clliptic 


From equation (2 
Then from the gr 
16°55 — 1°35 15°20 Therefore 
t (401 447 it. ‘see 
These calculations were made by 
log tables would give the more accurate answer 
Of 447°32 Iit./sec 


nce \ 


equation (3), 


1°35, whe 


from 
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X = (4,5 16°55 and X** = 1.32 
aph 4 
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A note on the Derivation of the Method. Substituting y and # times these quantities, resp Ctively, 
A tew details are added here for the benefit of any who ™ equation (1) gives: 
may be interested in how the method was derived, or the ne wee z 
application of similar methods to other problems. ee 


The basic problem in this case is how to solve equation The obvious step now is to plot x against y. To solve the 
(1), which is a quartic in v. The method adopted is in problem in any particular case we should merely have to 
effect the graphical one, but with two artifices introduced work out 4, find y from this graph, and hence work out », 
nto it to overcome the normal disadvantages of graphical But instead we employ artifice (b), having noticed that the 
solutions—their inconvenience, and their inaccuracy. The values of 2 and y* are always roughly the same (and would 
artifices are ; be exactly, were it not for induced drag). Thus if instead of 
plotting y we plot the smaller quantity (2* — y*) on the 
same size of paper, we shall achieve greater accuracy. But 
if (2¥ — y*) isa small quantity, so also will be [(2%)* —(y4)*}; 
or, in general, [(2%)* — (y%)*]. We therefore make an 
investigation to determine the optimum value of ». Details 
of this will not be given here ; but it yields the result that 


(a) the equation is put into a generalised form, so tha: 
a single graph, once drawn, can be retained and 
used for the solution of all particular cases, and 

(b) accuracy is achieved by the judicious plotting of the 

differences of large quantities, rather than the 
quantities themselves. 

Dealing first with (a), we decide to express v not as an___ the value : has special significance, and gives the method 
actual quantity, but as a multiple of ‘‘ that speed at which 
the aeroplane’s total drag is a minimum,” and to express 
P as a multiple of “ the power at that speed.”” We can 
with complete generality say that P will be x times the 
latter when v is y times the former. It remains to express 
* in terms of y. 


It can easily be shown that the basic speed we have 
AB‘\t 


considerably greater accuracy than does any other value. 
Hence we decide to plot [(2%)4 — y*)] against x. 

However, this curve is found to be rather too steep at 
one end for satisfactory use. To remedy this we take some 
fractional power of x as abscissa, instead of % itself. That 
is to say, letting for convenience (2%)4 = X and y*=Y, 
we plot (X — Y) against some fractional power of X. 
Xs is satisfactory, and, as mentioned above, is easy to 
calculate. 


” 


B\} 
chosen is equal to (x) , and the basic power to 2 ( 
p 





LIFT DISTRIBUTION 


The Possible Effect of High-speed Flight on Wing Stressing 


By J. A. C. WILLIAMS 








T has come to the notice of the writer that a consider- ( velocity of flight 
able readjustment of thrust distribution can occur on _ ad ~ jocal speed of sound/ 
the blade of an airscrew when the blade (as is invariably —_'ncreases. 
the case) is rotating fast enough for the sections at the This variation with v/a was predicted by Glauert and 
tip to be travelling at or above the speed of sound. This tte ere 27% ; 
P 8 Ps Prandtl, the expression for C, ——being obtained. 


readjustment is caused by the compressible nature of the 
air, which causes the lift coefficient of an aerofoil, at any 
given incidence, to increase as the ratio 


Vv 1—(v/a)* 
Wind tunnel tests confirm this increase, and Fig. 1 shows 
some results obtained from various sources. In this case 


(dC, /dx at v a)/ (dC, dx at zero v/a) has been shown ; this 




















[rie 1) | rather awkward ratio has been used owing to the form 
Se of the data obtained. As will be seen, dC, dav]aC, day 
GLAUERT’S CURVE increases with v/a, until a maximum value for each par- 
| ac. 2r if 3 ticular aerofoil is reached, after which the value drops. 
-6}-———_+—__- 4 —j—_}__| This drop (the shock stall), obtained in N.A.C.A. tunnel 
; results, has not been realised by Italian workers using a 
different type of tunnel and needs further investigation. 
re The sections shown are: 
(a) N.A.C.A. 0006-63 ; 0009-63 and 0012-63 
(6) R.A.F. type flat-bottomed aerofoils of 6°( thick- 
rab ness (R 6), 8% thickness (R 8) and 10% thickness 
(R ro). 
c) Joukowski type 
a R.A.F. 27 (J 1o/o) .. -- 9.78% thickness 
Lae, symmetrical section 
Cs, R.A.F, 31a (J 12.5/2) -. 13% thickness 
ae 3 2% camber 
Ss R.A.F. 28 (J 10/2) .. -- 9.78% thickness 
1.93% camber 
’ = (d) Italian section. Reference 5. 6%, thickness. 
It will be seen that for the thicker sections the lift falls 
off sooner than for the thinner sections. It is pertinent 
then to remark that, since most wings are thinner (im 
i ae terms of thickness-chord ratio) at the tip than at the root, 
as v/a increases so the load must be thrown towards the 
tip of the wing. Bending and shear loads will, therefore, 
i iy ss 4 be increased along the wings. In addition to this as 0/4 
| 1R10 increases, the moment coefficient of the section increases 
and so modifies the torque. 
* At sea level the speed of. sound in air = 1,120 it./sec. 


Fig. 1. Effect of v/a on the slope of the lift curve. It varies as the square root of the absolute temperature. 
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factor by which the speed of sound at any altitude can 

te found is plotted in Fig. 2. As is shown, and as is well 
mown, the speed of sound decreases with altitude. This 
2d is obviously far above that contemplated at the 
present time for aircraft flying level, but will be approached 
by aircraft in dives. 











5 1s 20 25 
ALT'TUDE - THOUSANDS OF FEET 


Fig. 2. Effect of altitude on the speed of sound. 
velocity of sound at h 


~ velocity of sound at 5.L. 





At the moment the stressing case (AP970) for non- 
kerobatic machines is the Dive with Upgust Case. This 
has to be applied at 5,oooft. and at speed 1.3 x Maximum 
ndicated Air Speed (for large aircraft) with a maximum 
pf 450 m.p.h. 1.A.S. If the diving speed restriction is 
only applied to aircraft in the form of I.A.S., and the 
fixcts of v/a mentioned above actually occur in free flight, 
heavy loads will be thrown on the tips of the wings at 
altitudes higher than 5,oo0o0ft. (see table below). 
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Fig. 3. Correction to airscrew tip speed. 


Table I shows the speed of sound at various heights, 
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with the corresponding I.A.S. for an aircraft flying at 
v/a = 0.7. 




















TABLE I 

Height (ft.) S.I 5,000 | 10,000 15,000 | 20,000 | 
Value | ft. ‘sec. | 1,120 | 1,100 | 1,080 | 1,060 | 1,040 | 
of a |————_|—- 
m.p-h. | 763 | 750 735 722] 708 | 
| 
Indicated value of | | | 
a (m p-h.) 703 600 ORI 572 | 51¢ | 

Indicated v 

(m.p.h.) 534 | 487 | 441 400 | 361 

| | 

As a matter of additional interest, the angle of attack 


of the aerofoil has an effect on the shock-stalling speed. 
As the incidence increases, the value of v/a at which the 
shock stall takes place decreases. This fact has not much 
effect on the Fast Glide Case, but is important in airscrew 
calculations. 

Allowance is made for this in the airscrew method 
devised by Messrs. Caldwell, Rhines and Thomas (/ournal 
of R.Ae.S., Jan., 1938, p. 18), the factor fa being used 
to correct, with other factors, the helical tip speed to the 
effective tip speed. This factor is shown in Fig. 3 

In any particular case the lift distribution can be calcu- 
lated by the Lotz method, the various values of dCL/dx 
along the span being substituted. For general calculations 
in ordinary cases dCL/dax is assumed constant along the 
span, though actually it falls off with thickness-chord 
ratio. Obviously, without systematic tests, only rough 
increases of dCL/dx can be assumed from Fig. 1, and 
consequently no comparison of lift distribution has been 
made; but as will be realised, the effect might be serious 

In the above no account has been taken of the alteration 
of no-lift angle which occurs at high values of v/a. 
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due to thrust and toique is to calculate the resultant 
aerodynamic forces at each section of the blade, or 
“resultant force grading,”’ and then by taking moments 
or integrating derive a bending moment curve. This 
requires a full aerodynamic analysis of the blade such as 
§ not available in the early stages of design, when the 
thord and thickness of the various sections are being 
settled. Some short-cut method is therefore necessary, 
and by assuming a standard distribution of load it is 
possible to calculate very rapidly the corresponding 
resultant aerodynamic bending moment at any given 
fraction of the blade radius. Numerous detailed calcula- 
tions show that the error involved in this assumption is 
quite small for blades of normal form ; the bending moment 
curve being the second integral of the load curve is not 
very sensitive to detail changes in the shape of the latter 
such as may occur from blade to blade. 

The basis of the method is contained in the statement 
that the resultant of the bending moments at the roots 
of all the blades is simply the torque applied to the propeller 
by the engine. This statement becomes exact if the blades 
are regarded as extending to the axis of rotation, as the 
shear force acting on the blade section does not then 
contribute to the torque. Hence, working back from the 
torque, whose value is known, the method gives directly 
a resultant aerodynamic bending moment acting on an 
Maginary section at the shaft axis; the moment at the 


, | MHE usual method of estimating the bending moment 





AIRSCREW BLADE STRESSING 


By J. LOCKWOOD TAYLOR, D.Sc. 


actual blade root or any other section is derived by multi- 
plying by a coefficient, whose value at the particular 
fraction of the blade radius is known for the assumed 
standard loading curve. 

In passing from the torque to the axis bending moment 
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it is necessary to introduce the pitch angle, or more 
precisely the angle (¢ + y) in standard terminology (see 
figure), at the typical section, representative of the blade 
as a whole, which it is found satisfactory to take at 70 per 


cent. of the blade radius in accordance with the usual 
practice. 

The actual working of the method is as follows. The 
torque Q, in terms of the brake-horse-power (P) and 
propeller revolutions per minute (N), is given by 

QO = 33,000 P + 22N 
= 5,250 P/N (ft.-lb.) 
or 63,000 P/N (in.-Ib.) 
The axis bending moment, 
M, O + usin (¢ y) 
where » is the number of blades. This follows from a 


simple resolution of the torque into its components. At 
any other section of the blade the bending moment 

M = /fM, 
where the value of the factor f is found to be as given in 
the following table, and in the figure. 
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Fraction of blade 

radius from axis 

(7 R) e- ee 0.2 0.3 0.4 0.5 0.6 0.7 of 
Factorf .. ‘ 715 .572 #39 300.190.105.043 


Apart from the horse-power and revolutions, the only 
data required for the application of the method is the 
value of the angle (¢ + y) at the typical section. This 
will usually be known, if this section has been analysed as 
a preliminary to aerodynamic analysis of the blade as q 
whole. Alternatively, if an estimate of the efficiency of 
the screw can be made for the given working conditions 
(pitch setting and advance constant, ] V/ND, for a 
variable-pitch propeller) the value of (¢ can be 
deduced, since the screw efficiency, 

J = =z (r/R) tan (¢ y) 
: 2.2 tan (¢ v) 
on putting (7/R), the fractional radius at the typical section, 
Hence 
J +2.29 


tan (¢ + y) 
and the value of the angle (¢ + vy) and sin (4 


equal to 0.7. 


follows. 





LOOKING FORWARD 


(CON 


CLUDED FROM PAGE 566) 





ness and air navigation regulations of the constituent coun- 
tries could be reduced to a single code adhered to by all, 
and that the vast labour of research could be shared 
between them. 

Civil Survival in Wartime 

I have tried in this paper to define the goal to aim at, 
with little reference to the effect of war; I have given a 
peacetime plan. Until we reach that happy time I realise 
with sorrow that we must be content with a much mcre 
modest scheme. What should be our minimum pro- 
gramme? Primarily, I suggest, the preservation of our 
civil aviation in such a form that at the end of the war 
we can expand it rapidly. We should first upon 
the organisation best fitted to direct civil aviation after 
the war. With some diffidence I submit this paper as pre- 
liminary notes on which a detailed study might be based. 
Having decided upon the organisation, I suggest that it 
should be brought into being in skeleton form so that 
the various branches may be instructed in their duties 
when the war ends. 

I would hope that the important duty of keeping the 
airworthiness regulations up to date could be resumed and 
the problems of civil safety studied again. A small staff 
should be adapting the results of military research to the 
solution of civil problems. We should aim at the main- 
tenance of our routes in Africa and the East, and at the 
re-establishment of the Atlantic route. Close consideration 
should be given to the establishment of the London- 
Bathurst-Port Natal route, the first leg of which, to Lisbon, 
has recently been inaugurated. Extensions of our civil 
ictivities in the Balkan countries would also appear advan- 


decide 


tageous. 
Dr. Cox’s lecture written and delivered 
some of the more recent events of the war.—Eb. 
We must plan for replacement of our existing airliners, 
ind to have some up-to-date civil types at the end of 


was before 


the war. I suggest that we should work on: 
rt. A small airliner for the internal airways of Great 


Britain and similar lines in the Empire 

2. A larger airliner of 30,000 !b. for European routes. 

3. A transatlantic craft suitable for adaptation to Empire 
routes. 

4. The conversion of a fast bomber into a mail plane. 

The conversion of the first three to military types should 
also be immediately considered. 

The reduction of our military effort would be trivial, 
and the military effort is not the only one we have to 
make. We must maintain our communications not only 
because we shall want them after the war, but for the 
better prosecution of economic warfare and for the main- 
tenance of our commercial prestige. Interference with 


industrial man-power would be minimised by the conver- 
If we do not follow some such plan 


sion basis suggeste?. 


as this, we shall have again to buy foreign machines t 
keep our airlines alive. 

There is also a very difficult post-war problem which 
must be tackled. When the war ends the productive 
capacity of the Empire’s aeroplane factories may be tens 
of thousands of aeroplanes per year; at the end of the 
last war the figure was approximately 40,000. This order 
ot magnitude is altogether different from that of the 
sible civil production required. In 1938 in Great Britai 
fewer than 40o civil aeroplanes, mostly small ones, were 
built, and at the end of that year only 
worthy aeroplanes were on the registet 
greater American civil industry only produced 3,715 aen 
planes, of which 3,122 were one- or two-seaters, in 1939 
There can, therefore, be no hope ot } 


pos 





about 1 »400 alr 


Even the vastl 


utilising more than a 


small fraction of our productive capacity after the war for 
civil work. 
Summary 
I have tried in this paper to define the aims of British 
civil aviation and I have suggested, among other things 


that: 

1. We need to develop and extend our routes, using 
British aircraft only on them. 

2. We should develop ioreign markets. 

3. Our operations require new and advanced aircraft 
including large fast transatlantic and fast mail aeroplanes 

4. There is a great deal of work to be done to improve 
alety. 

5. Civil accident investigation should cover a wider field 

6. Design needs stimulation and encouragement. 

7. The staff for civil research and development has 4 
vast programme ahead and needs large augmentation, with 
a special establishment for civil technical investigations 

8. Engines specially designed for civil work are needed. 

g. A special staff for economic studies should be estab 
lished. 

10. A closely knit organisation should control civil avia 
tion, regarding it as an Imperial and not a national] matter 

As this programme cannot be pursued in full in war 
time, I have suggested that: 

1. We should plan ovr organisation and maintait 
skeleton form so that it can rapidly be expanded. 

2. We should, within limits, extend our routes. 

3. We should pursue a modest civil design and construc 


it B 





tion programme. 
4. The civil designs should be converted to military type 
and both versions constructed. 
5. Military research should be 
tion to civil problems. 
6. Civil airworthiness regulations should be kept up # 


studied in its applice 


dz ¢ 
7 The reduction after the war of the expanded industt 
to 1uormal peacetime needs should be considered. 
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Thoroughly modern 
in conception, the 
Douglas DB-7 is 
being delivered to 
France converte 
imarily for bomb- 
Ee though it would 
make a fine strate- 
gical reconnais- 
sance aircraft, 
ground attack ma- 
chine or fighter. 
















MILITARY VERSATILITY 


Multi-purpose Machines of Several Nations : High Performance of 
New Twin-engined Types 


(With comparative drawings to scale on page d) 


By H. F. KING 


LTHOUGH there is a marked trend towards 
A specialisation of military aircraft, there is one class 
which has the speed, manoeuvrability, range, ceil- 
ing, crew accommodation and armament possibilities to 
suit it for high-speed, short- and medium-range bomb- 
ing, ground attack, tactical and strategical reconnais- 
sance, fighting and, possibly, torpedo-dropping. This is 
the twin-engined, high-powered machine of 9,000- 
15,000 lb. weight. In this country it is best represented 
by the Bristol Blenheim and Beaufort; in America by 
the new Martin, Douglas, North American and Stearman 
‘attack bombers’’; in France by the Potez, Breguet 
and Bloch multi-purpose machines; in Holland by the 
Fokker G.I; in Italy by the Breda 88 and Fiat CR 25; 
and in Germany by the Dornier Do 17, Do 215 and 
the Messerschmitt Me 110. Some of the types men- 
tioned can be fitted with floats or skis, thus further 
extending their field of usefulness. In this war Blen- 
heims have already been employed for bombing, 
strategical reconnaissance and ground attack, or, more 
precisely, for the machine-gunning of moored flying 
boats. 


Armengaud to comment in the following terms: “‘ A speed 
equal to that of the pursuit machine, or very near it, plenty 
of manceuvrability, small size and especially axial arma 
ment—these are the conditions for the protection of 
bombers against aerial and terrestrial weapons.’’ Inci- 
dentally, the Spanish war also proved (if proof were 
needed) that the old French formula for multiplace de 
combat machines, i.e., heavy turret-mounted armament at 
the expense of performance, was at fault. After abandon- 
ing this formula the French developed fast twin-engined 
multi-purpose machines. In addition to these, they have 
ordered American Martin 167s and Douglas DB-7s which 
were designed, in accordance with the views of General 
Armengaud, for the U.S. Army Air Corps after the 
Ethiopian and Spanish wars had demonstrated the neces- 
sity for close support of ground forces by attacks on hostile 
rear areas. Discussing this type of aircraft, Brig.-Gen. 
Jacob Fickel, Commanding General, First Wing G.H.Q. 
Air Force, U.S. Army Air Corps, said: ‘‘ Although of short 
range with full bomb load as compared with the heavy 
bombardment airplane, it has enough range to deliver 
heavy attacks from an altitude out of effective reach of 
small arms and machine guns, on hostile reserves, ammuni- 
tion and supply dumps, lines of communication, command 





The war in Spain proved the value of small, fast bombers posts, mechanised flanking forces and advanced flying 
of the type under discussion, prompting the French General __fields.”’ 
CHARACTERISTICS OF FOKKER G.I—a representative multi-purpose machine. 
: | — 
Ground Dive- Light | Reconnaissance Speciali 
Specification. Attack | Fighting | Bombing | Bombing | Bombing Strategical 

| nnaissance 
All-up weight (Ib.) o f ai 10,582 ™ | 0,588 11,243 11,905 ae 11,905 / 11,905 tai 
Disposable load (Ib.) 3,240 3,240 3,858 4,563 4.475 4,353 
Crew .. ‘i> had at 2 | 2 2 2 3 3 
Armament (7.9 in. mgs.) .. 9 5 5 5 5 5 
Ammunition (rounds) 4,582 4,582 2,582 2,552 2,582 2,582 
Bomb load (Ib.) di ni 496 — 380 380 330 . 
Top speed (m.p.h.) .. 295 295 288 293 293 285 


Range (miles) 
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The U.S. Army Air Corps, like other air forces, regards 
its new class of aircraft primarily as bombers, and we shall 
first review modern multi-purpose types in this capacity. 

A representative machine—the Martin 167—can carry a 
maximum of 1,250 Ib. of bombs in either of the following 
arrangements: one 1,130-lb. bomb, two 624-lb. bombs, 
four 308-lb. bombs or eight 116-lb. bombs. Figures for 
range are not quoted. The 167W is a comparatively large 
machine, weighing 15,297 lb. normal, so it may be of 
interest to examine a much smaller type—the 9,900-Ib. 
Breguet 690—as used by the French Air Force for light 
bombing and ground attack. For Mission B.2 (bombing 
with a crew of two), two bombs of 440 Ib. each are carried, 
but for Mission A.B.2 (ground attack and light bombing) 
the load is eight bombs of 110 lb. each. The use of the 
machine as a bomber entails the replacing of the central 
seat by the bomb racks and the reduction of armament. 
One fixed shell-gun can be retained in the bombing and 
ground attack conditions in addition to the free machine 
gun in the rear cockpit. 

The Fokker G.I is a particularly versatile type and its 
main characteristics are set out on the previous page. It 
will be noted that in dive-bombing and reconnaissance con- 
ditions the speed is reduced. This is explained by the addi- 
tional drag of the large externally stowed bomb on the 
dive bomber and the external observation compartment. 


Armament Possibilities 
The G.I. is of further interest because of the variety of 
armament schemes available. As already pointed out in 
Flight, when equipped as a fighter it can mount any of 
the following fixed-gun combinations, plus one free gun: 

1. Eight small-bore machine guns (7.8-mm.) with 500 
rounds per gun. 

2. Four 13.2-mm. large-bore machine guns with 250 
rounds per gun (explosive ammunition). 

3. Two 20- or 23-mm. shell-guns with 60 and 100 
rounds per gun respectively, plus two small-bore machine 
guns with 450 rounds each ; or 

4. Four 20-mm. shell-guns with 60 rounds per gun. 
On the G.I all the fixed guns are mounted in the nose 

as is usual on twin-engined fighters, but the Martin 167, 
when armed as a fighter, carries its four fixed machine 
guns, two in each wing, outboard of the airscrew arcs. 
It is'said that some of the Dornier Do 17s and Do 215s 




















On the right is the Bristol 
Blenheim Mark IV, which 
is normally used by R.A.F. 
squadrons for bombing and 
strategical reconnaissance 
though it is well suited for 
fighting. Below is a later 
machine, the Beaufort, which 
is even more versatile, being 
designed, in addition, to 
carry a torpedo. 






























The Dornier Do 215 makes a good bomber and reconnaissance 
machine but is not generally used as a fighter. 


have shell-guns mounted on their wing-mounted Daimler 
Benz engines and firing through the airscrew hub. 

An important advantage accruing from the placing of 
the guns in the nose of the fuselage is that their weight is 
more conveniently disposed than if they wete fitted in the 
wings of a single-engined machine outside the airscrew arc. 
Access to the breeches of the guns may also be feasible. 

A few modern multi-purpose machines, such as the 
Blenheim, Beaufort, and one type of Breda 88, have power- 
driven gun turrets, but the majority of aircraft of this 
category are armed with fixed and axially restricted 
manually operated weapons. Powered armament, of 
course, will reduce the bomb load. 

The absence of a nose engine gives the pilot and bomb 
aimer good forward and downward vision, though lateral 
view is likely to suffer, particularly if radial engines are 
used. The safety afforded by the two power units is 


another important advantage over single-engined long- 
tange fighters and attack machines. 
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If anti-aircraft bombs continue to gain favour the 
‘built-in ’’ stowage on machines of the class now under 
discussion will be a further great asset. 

For ground attack, speed and manceuvrability at low 
altitude are primary requirements. Until recently this 
meant fitting engines rated at sea level or moderately 
supercharged, but the introduction of the two-speed blowers 
which are now being generally adopted on aircraft of all 
classes automatically ensures good sea-level performance. 

America has specialised in ground attack more than any 
other country and has come to the conclusion that the 
bomb is to be preferred to the machine gun for this work, 
which means that there is a close affinity between the 
ground attack aircraft and the light bomber. In fact, the 
only difference of any consequence is that the attack 
machine will probably be required to carry more and 
smaller bombs (or fairly large bombs with parachutes) as 
has already been demonstrated in the loadings of the 
Fokker G.I and the Breda 690. 

Adaptation for reconnaissance may entail more than the 
replacement of the bomb load by cameras. Good vision 
must be assured, which explains why in certain designs 
(e.g., Potez 63 and Fokker G.I) it is necessary to add a 
small external ‘‘car’’ for the observer. A_ second 


specialised version of the Potez is being used on the 
Western Front for reconnaissance, and has a transparent 








The 


nose which renders the external car unnecessary. 
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(1) The North American NA-4o0 resembles in many respects 
the Douglas DB-7. The upper gun position follows Dornier 
Do 215 practice. 


(2) Less attractive in line than the other American “attack 
bombers ’’ the Stearman X-100 displays some very practical 
features. It is said to be a good production job. 


(3) Of unorthodox layout, the Fokker G-1 is extremely versa- 
tile. An external observation compartment is added for 
reconnaissance work. 


(4) One cf the lowest powered machines in its category, the 
little Polish P.Z.L. Wilk (Wolf) could be used as a two-seater 
fighter or dive-bomber. 
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France has done more than any 
other country to develop small, 
fast, twin-engined machines adap- 
table for various duties. On the 
left is the Potez 63 arranged as a 
fighter. The housings for the 
twin 20 mm. Hispano shell-guns 
are discernible beneath the fuse- 
lage. Below is the agile little 
Breguet 691. 





Breda 88 is well supplied with windows in the lower portion 
of the fuselage. 

Our new Bristol Beaufort multi-purpose machine can be 
equipped for torpedo dropping (the projectile being intern 
ally stowed), and it may be assumed that certain of the 
other machines already mentioned may also be arranged 
for this work, though it may not always be possible, due 
to the structural design, to provide internal stowage. 

The Beaufort, like the great majority of new machines 
in its class, has two engines of over 1,000 h.p. France 
appears to have given up trying to make less powerful 
machines do an equally useful job. The Potez 63 and 
Breguet 690 have a performance of the Blenheim order but 
do not carry anything like the disposable load. One ver- 
sion of the Breguet 690 has been fitted with two of the 
big Gnome Rhone radials of over 1,000 h.p. each in place 
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FOKKER G-I. A particularly versatile type of “ twin-hull ”’ BREGUET 690. 
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British, American, 
Dutch and German 
Designs Compared 


MARTIN 167. Using 100 
octane fuel in its Twin Wasp 
engines, this machine has a 
top speed of 316 m.p.h. One 
version is supplied to France, 


DOUGLAS DB-7. Compact 

design and a tricycle under- 

carriage characterise the 

Douglas DB-7, which, like the 

Martin, has been adopted by 
France. 


BRISTOL BEAUFORT. 
Britain’s newest multi-pur- 
pose machine. It has two 
Taurus sleeve-valve engines 
and can be used for torpedo- 
dropping. 


FIAT CR 25. It is known 
that a small ‘service test”’ 
batch of these machines was 
delivered to the Italian Air 
Force, but the type is not 
believed to be in general use. 


MESSERSCHMITT ME 110 
Germany’s new twin-engined 
fighter, reconnaissance ma- 
chine and ground attack air- 
craft. The engines are 
Daimler-Benz DB 601'’s, but 
the actual speed is not 
known. 


CURTISS 76-D. Similar to 

the A-18 attack machine of 

the U.S. Army Air Corps, 

this type has a top speed 
of 266 m.p.h. 


Of individua! design and high 

performance, this aircraft is used in numbers 

in the Italian Air Force. It is claimed to 
have a top speed of well over 300 m.p.h. 








Identical except for the engines with the 


design. Diving brakes may be fitted if the machine is type 691, this outstanding French machine, despite its 


required for use as a dive-bomber. 


comparatively low power, does over 300 m.p.h. 
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THe PROBLEM OF 


ESCORT 





“Flight” photograph 
A squadron of Bristol Blenheim 
bombers as they might be 
seen from the cockpit of an 
escorting machine. Given suf- 
ficent armament the Blenheim 
is an excellent twin-engined 

fighter in its own right. 


P to the present Royal Air Force bombers and 
long-distance reconnaissance’ aircraft have 
operated without fighter »rotection, and thanks 

largely to their elaborate powered-armament installa- 
tions have acquitted themselves astonishingly well when 
attacked by German fighters. 

We have already pointed out in Flight that the latest 
Wellingtons and Whitleys can bring to bear astern the 
same weight of fire as the Messerschmitt Me 109 single 
seater fighter. This and good formation keeping account 
for the success of the Wellingtons when engaged with large 
numbers of Messerschmitts in the great fight off Heligo 
land a short while back Nevertheless, our were 
considerable, and the action demonstrated that, particu 
larly when flying alone, long-range multi-seater bombers 
of medium performance need all the defensive fire power 


losses 


It is believed that Germany 
intends to use the Messer- 
Schmitt Me 110 of the type 


Shown here for escort work. 

Most of its armament is fixed 

and in bringing it to bear it 

would leave the bombers 
exposed. 
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Thoughts on the Design and Armament of Machines for Convoying Bombers : 
Lessons from the Chinese-Fapanese War 


By H. F. KING 


which can be provided without interfering too drastically 
with their speed and bomb-carrying capacity 

Over short 
ordinary fighter aircraft 
intercepters more or less on equal terms, 


distances bombers may be uwccompanied by 
defending 


though to use 


which can engage the 


their fixed armament they will be obliged to leave, and 
probably to lose, the bombers In this connection it is 
comforting to remember that the standard Hawker Hurri 


cane has a range of 850 miles at a speed of 200 m p.h. and 
that its low wing loading will permit a bigger fuel load to 
be carried safely without serious loss in fighting perform 


ance on the way to the bombers’ target 
In the current issue of Aero Digest Mr. Cy. Caldwell 
opines that the bomber cannot be successful in face of 


defensive fighter squadrons, assisted by anti-aircraft guns, 


unless accompanied by its own fighters He believes that 


the German bombers will be so harassed and handicapped 
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THE 


PROBLEM OF 


ESCORT FIGHTE 





that they cannot successfully perform their missions ; that 
large numbers will be destroyed by the defending English 
fighters ; and that after a time it may become questionable 
if the game is worth the candle. As some proof of this 
the following interesting incidents in the Chinese- Japanese 
war are given. 

While the aircraft used were inferior to those now 
possessed by the Allied and German air forces, neverthe- 
less the relative difference in the speed of the Chinese and 
the Japanese bombers was about the same as the relative 
difference between the performance of English fighters and 








Plight” drawing 


A proposal for a large heavily-armed escort fighter closely related to a bomber. Upper and lower turrets are retractable. 





German bombers. The Japanese started long-range day.- 
light bombing on Nanking and Chinese air force bases jn 
August, 1937, using a group of fifty-two Type 96 bombers 
capable of about 200 m.p.h. These were based on the 
island of Formosa and flew to Nanking and back without 
escorts in loose formations of three aircraft. At that time 
the Chinese fighters were Curtiss Hawk IIs, IIIs and IVs 
and a few Boeing P-26Bs. These were only slightly 
superior in speed to the bombers, yet on the second raid 
six P-26Bs flown by Chinese pilots attacked a squadron 
of the more modern Japanese bombers near Cheyung, and 
in a fight lasting only three minutes 
shot down six without losses among 
themselves. After five days of 
bombing the daylight raids were 
abandoned and night bombing was 
started. Few Chinese pilots had 
flown ‘much at night and none had 
any experience of finding bombers 


A proposal for a _ single-seater 
twin-engined escort fighter. All 
the armament is fixed, which 
means that the machine would 
probably have to leave and eventu- 
ally lose the bombers in order to 
do its fighting. In any case it 
would be out-manceuvred by 
defending intercepters, on account 
of its large fuel load. 


Division of armament between 

pilot and gunner characterises this 

hypothetical two-seater escort 

fighter. Again the fixed armament 

would mean manceuvring away 

from the bombers and leaving 
them exposed. 


A two-seater ‘‘turret’’ fighter 
which might be a good proposition 
for escort work. It would be handy 
and fast enough to go to the assis- 
tance of bombers which needed it 
most and would not have to 
manceuvre with the attackers to 
bring its armament to bear. 
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Referred to by the manufacturers 
as a ‘‘ convoy ’’ fighter this two- my 
seater Seversky is simply a long- Res. 
range two-seater fighter with six 
front guns (four synchronised) and 

one free gun. 


in the dark with the aid of search- ef 
lights. Yet only five days after 
the raids had started they again 
began destroying Japanese 
bombers. In twelve days of opera- 
tions the Japanese lost about forty 
of their original fifty-two modern, 
fast bombers. All bombing opera- 
tions were then stopped. 

A month later the raids were 
resumed, but now the Japanese 
bombers from Formosa were 
escorted by their own fighters based 
at Shanghai. These were of the 
Types 96 and 97, and were superior 
to the old Chinese fighters. The 
Japanese bombers and _ fighters 
would meet at Shanghai and fly to 
their objective. While the 
bombers dropped their bombs the 
Japanese fighters would circle 
above them ready to engage the Chinese 
defenders. In one raid the Chinese lost eleven 
fighters and the Japanese five, but all the 
bombers returned safely. For the next ten 
days Nanking was attacked by large numbers of bombers 
supported by fighters which encountered little opposition. 

In February, 1938, the Chinese were equipped with the 
more modern Russian fighters of the Chato and Mosca 
types, in addition to Gloster Gladiators and Curtiss Hawk 
75s. A force of twenty-four Japanese bombers escorted 
by twenty-one fighters raided Hankow in daylight. Thirty- 
five Chinese fighters took off, shot down nine Japanese 
fighters and lost seven of their own force. But no 
Japanese bomber was attacked as the supporting fighters 
always kept between the bombers and the Chinese 
attackers. 

On another occasion fifteen Japanese light bombers con- 
voyed by twenty-four Type 96 fighters raided Hankow. 
Sixty-five fighters manned by Chinese and Russian pilots 
took off and shot down ten bombers and eleven fighters 
with the loss of nine of their own machines. 

Mr. Caldwell admits that it does not necessarily follow 
that the experiences of one war will be duplicated in 
another in an opposite corner of:the globe. He gives as 





Sir Kingsley Wood tries his hand at operating a Nash and 
Thomson power-driven turret mounting four Browning 


I: a - a inefliciency of the Chinese and machine guns. Such turrets, it seems, will be inevitably 
apanese pilots. It is, however, important to remember required for long-range escort work. Great Britain leads 
that the bombers in this European war will fly at higher the way in their development. 


speeds than the Japanese raiders, and once their escorting 








Another suggestion for a large multi-turret escort fighter. It would probably be possible to incorporate a retractable ‘‘ dustbin "’ 
in the bottom of the forward part of the fuselage. 
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The Problem of Escort Fighters (Cont.) 





A two-three-seater fighter with 
its main armament fixed, the 
Potez 63 has a useful range and 
is in service in large numbers 
with L’Armee de |’ Air. 





fighters break company in order to use their fixed guns the 


bombers will be difficult to find again. Another point is 


that the further British bombers penetrate into Germany 


the more Messerschmitts and Heinkels they must expect to 
encounter. This means that there will probably be enough 
enemy fighters to engage not only our escorting fighters 
but the bombers also. These considerations tell heavilv 
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The first of our ‘‘ turret” 

fighters is the shapely Boul- 

ton Paul Defiant (left). The 

turret likewise is a ‘‘ B.P.”’ 
product. 


against fixed armament for 
long-range escort work 
While unescorted bombers 
which are slower than the 
opposing fighters must rely 
for protection entirely on 
their armament, there are 
certain types of short-range 
bombing aircraft (e.g., a few 
of the smaller twin-engined 
multi-purpose machines 
referred to last week in our 
article Military Versatility) 
which, if forced to fight, would put up a good show by 
utilising their high speed, powers of manceuvre and fixed 
and free armament. But unless high speed diving attacks 


were made on the bombing objective they would find it 
difficult to secure hits 

The main types of fighters which present themselves for 
consideration for escort work are: (1) The single-seater 









On the right is a fine 
example of the mod- 
ern single - seater 
fighter of a_ type 
which might be em- 
ployed for short- 
range escort work. 
It is the Bell XP-39 
with a_ vee-twelve 


















Allison engine 
mounted in the fuse- 
lage. Below is a 
fast and formidable 
twin-engined single- 
seater, the Lockheed 
YP-38, likewise 
Allison-powered. 
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with fixed armament; (2) the two-seater with fixed and 
free (manually trained) guns ; (3) the two-three-seater with 
armament concentrated in a power-driven turret ; and (4) 
the multi-seater multi-turret machine with most of the 
characteristics of the long-range bomber. 

It will be noted what importance is attached to power- 
driven turrets. This is justified by the successes so far 
obtained with these devices, though it must be admitted 
that no data are available for publication on their efficiency 
for broadside fire at extreme speeds. 

The single-seater might have one or two engines but 
could be used only for short-range work as, due to the 
heavy fuel load which would have to be carried for long 
distance operation, it could not tackle on equal terms the 
short-range, lightly loaded interceptors put up by the 
enemy. Its pilot, moreover, would be too fatigued after 
a long flight to give of his best in a hard-fought combat. 

The examples already quoted from the Chinese- Japanese 
war suffice to show how useful ordinary single-seaters can 
be for escort work over comparatively short distances. In 
this connection it is interesting to recall the range and 
duration of the Hawker Hurricane single-seater, eight-gun 
fighter at various cruising speeds at a height of 15,000 ft. 
with a full petrol load (97 gallons). Cruising at 275 m.p.h. 
the Hurricane has a range of 531 miles and a duration of 
1.93 hours; at 200 m.p.h. the range is no less than 850 
miles (a fact which is not generally appreciated) and the 
duration 4.25 hours; and throttled back to 170 m.p.h. a 
distance of 774 miles can be covered, the duration being 
just over 44 hours. 

A two-seater escort fighter with front and. rear guns 
suffers from the same shortcomings, when considered for 
long-range work, as the single-seater, though it has a cer 
tain advantage in its rear armament. This, however, will 
be light. There is, moreover, the inherent disadvantage 
in machines of this sort that complete co-operation between 
pilot and gunner is difficult. Twin-engined machines in 
this category include the Messerschmitt Me 110, which, by 
the way, is not intended primarily as an escort fighter ; 
the Potez 63 and Breguet 690. Perhaps the best single- 
engined example is the Seversky so-called ‘“‘convoy’’ 
fighter. Like the twin-engined types named, this machine 
has the greater part of its armament fixed. Comparisons 
of the two-seater Seversky with a Seversky single-seater ot 
the same dimensions are particularly interesting. The 
empty weight of the two-seater is 4,446 lb., while the single 
seater weighs 4,411 lb. With 130 U.S. gallons of fuel and 
12 U.S. gallons of oil, the two-seater has a disposable load 
of 1,576 lb., while the corresponding figure for the single 
seater is 1,320 1b. This means that the two-seater, with an 
all-up weight of 6,022 lb., weighs 291 Ib. more in flying 
trim than the single-seater. The two-seater’s top speed 
(315 m.p.h.) is 5 m.p.h. lower than that of the single-seater 
and the range (675 miles) is 75 miles less. 

A better proposition than the machine with ‘‘ mixed ’’ 
or “split’’ armament would appear to be the “‘ turret ”’ 
fighter, in which the armament is concentrated in a rotat 
able, power-driven turret. Suh machines are very 
mobile, yet they do not necessarily have to manceuvre 
with their opponents in order to keep up sustained fire. 
It would be advantageous to make the turret-equipped 
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Bild: B. t. N 
MG.-Turm mit 4gekuppelten MG. des englischen Jagd2weisitzers 
Boulton & Paul »» Defiant, 


The number of guns mounted in the turret of the Boulton 

Paul Defiant is still considered as an official secret, but Flighi 

makes no apologies for publishing this reproduction taken 
from the German publication Luftwehr. 


escort fighter a three-seater as the pilot would need some 
relief on long raids 

The last type of escort fighter to be considered is the 
multi-seater carrying an extra-heavy armament 
mounted in power-driven turrets We assume, of course, 
that the latter continue to justify themselves. Such a 
machine, which would be warranted only if large bombers 
(i.e., of Wellington size or bigger) continue to be 
developed, might be a direct modification of a standard 
long-range bomber It would be difficult, however, in 
most bomber designs to mount additional armament with 
out some loss in performance. Instead a great deal more 
ammunition could be provided per gun A specially 
designed aircraft of similar power might be as fast as the 
bombers to be escorted while mounting more or bigger 
guns. Such machines, in company with formations of 
heavily armed turret-equipped bombers to the British 
formula, would put up a tremendous resistance to opposing 
fighters. But let it not be inferred that we are advocating 
the gun-burdened aerial battieship The machines sug 
gested, like any other long-range military aircraft, will still 
have to be compromises, and their development and suc 
cess will in any case be linked with that of the turret 


large 





Carrying extra guns or ammunition in place of bombs the Wellington would make a fine fighter tor escorting bombers 
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The Royal New Zealand 





Machine gun instruction 
at an R.N.Z.A.F. train- 
ing establishment. 
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Evolution of an Important Partner in the Empire Air Training Scheme : Initial 
Struggle for Independence : Wide Expansion Now 


By MICHAEL TERRY, F.R.G.S., F.R.E.S. 


URING the last night of March, 1916, the 
LD Zeppelin L135 was badly damaged by A.A. gunfire 

by the Purfleet battery. A large rent gaped in 
her side, and she turned for the sea and home. She 
might have reached German shores had not a B.E.2c 
hung to her like a wasp, stinging her time and again, 
stabbing viciously till at last she could stand no more. 
She was not high, and the pilot of the attacking machine 
was able to climb above her to drop bombs from 9,oo0oft. 
Then he released explosive darts—but the L15 would 
not catch fire. So he flew alongside to attack from the 
rear, raking her with his machine-gun, being torn him- 
self with machine-gun fire from the Zeppelin in 
reply. He zoomed up and dropped more darts 
from above, still without obvious success, till at last 
the great airship was lost to sight, seemingly able 
to reach home. Soon, however, the L15 broke her back 
and fell into the sea close to the Knock Lightship in the 
Thames Estuary. 

The pilot of that fighter was a New Zealander, 2nd Lieut. 
de Bathe Brandon, an ex-barrister, 32 years old. On 
September 23 of the same year he met the L33 making for 
home, having been badly damaged by A.A. fire near 
Chelmsford. For twenty minutes he kept up a running 
attack, often seeing his bullets streaming into his quarry. 
Again it seemed that the Zeppelin would get away. But 
she could not and was forced to come down near Peldon, 
where she caught fire. Nevertheless, so little gas was left 
in the envelope that little damage was done, with the 
result that one of the latest types fell into our hands and 
became the basis of the design for the British R33 class 
of airship. 

For this and other exploits Lieut. Brandon was given 
the D.S.O. He was only one of many famous wartime 
flyers from his Dominion who served in the R.F.C. Major 
Caldwell, who features in ‘‘ Warbirds,’’ was another. His 


exploit in landing a machine with all except the butt of 
a main wing shot away remains still an epic of the air. 
The machine crashed hopelessly, but he rolled himself into 
a ball and was flung clear—to the joy and amazement of 
his Mess. Which is enough said for a Warbird Mess! 

These and many other gallant_episodes have to be dug 
out of R.A.F. records because, unlike Australia, New 
Zealand did not have its own air force during the first 
German war. But the effect of them in the Dominion 
has not been lost; it has for fruit the R.N.Z.A.F. and 
military air-mindedness which has produced a supply of 
pilots to back up the R.A.F. effort now that we are at 
war again. 


The First Arrival 

The Imperial Air Fleet Committee certainly had vision 
and enterprise when they raised enough cash to present 
a two-seater Bleriot to New Zealand in 1913. Thereby 
they instilled the idea of a local air force, even if that 
was ahead of its time. The N.Z. Government followed 
on by sending Lieut. Burn, of the Staff Corps, to England 
for training at Upavon Flying School. He may therefore 
be called the father of military aviation in New Zealand, 
although he met an untimely end with an Australian unit 
in Mesopotamia—wreckage of his machine was found in 
the desert, with no trace of Burn or his observer 
These things did not lead to the formation of a New 
Zealand force till after the war. Between 1914 and 1918 
nearly 300 pilots were trained to Royal Aero Club certif- 
cate standard by subsidised private companies at Kobhi- 
marama and Sockburn, and 192 of them served in the 
R.F.C., as well as others in the R.N.A.S. 

In 1920 the R.A.F. sent Colonel A. V. Bettington, and 
presented 33 machines, to New Zealand. The planes it 
cluded 20 Avro 504K type, 9 DHogs, 2 Bristol Fighters and 
2 DH4s. This equipment, and Major Brandon, Lieut. 
Shand and Capt. Don formed the post-war basis for aa 
independent Dominion Air Force, which came into exist- 
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ence in 1923. Known as the N.Z. Permanent Air Force, it 
was formed of a few regulars who were full-time pilots, 
and who trained and administered the N.Z.A.F. or Terri 
torial! second line. Pilots who had seen service overseas 
were enrolled for annual refresher courses—with seaplanes 
at Kohimarama and with landplanes at Sockburn. 

All the time since 1916 a patriotic New Zealander, who 
became Sir Henry Wigram, had been hammering away 
in Parliament and through the Press to make New Zealand 
set up its own torce As far back as 1916 he carried a 
resolution in the Legislative Council to ‘‘ prepare for an 
Aviation Corps for the purposes of national defence.’’ In 
1923 he gave {10,000 towards the purchase of Sockburn 
aerodrome, and later another {2,500 to buy the first Grebe : 
finally, he bought Plumpton Park Trotting Course and 
gave it to the Government, who use it now as Wigram 
Aerodrome. Rightly indeed he is regarded as the patron 
of civil and military aviation in his country. 


Growth Begins 
Things moved rapidly when Sir Henry bought Wigram 
Aerodrome. Headquarters at Wellington were set up for 
the Permanent Air Force, and a small staff was placed 
on the aerodrome to get aircraft ready for the annual ten 
days’ training for men of the Territorial force. Then, as 


in the case of other Dominions air forces, both regular and 
Territorial forces were part of the military forces, being 





(Above) Vickers 
Vildebeests of the 
Royal New Zea- 
land Air Force. 
These are used 
for bomb'ng, 
reconnaissance 
and training and 
not for torpedo 
dropping as with 
the R.A.F. 


(Right) The main 
hangar at Ohakea 
as it was under 
construction last 
summer. This is 
a bomber station 
intended for 
Wellingtons. 
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grouped with it for the defence vote in Parliament. It 
was not till 1934 that a separate vote for the Air Force 
was allowed, to the amount of £143,669. In that year 
on February 27, the prefix ‘‘ Royal’’ was granted to the 
Permanent force, but it still continued to be just one part 
of the military machine till 1937, when two Acts were 
passed ; one to set up an Air Department to deal with all 
air matters, the other to constitute the R.N.Z.A.F. as : 
separate service. During that year the vote increased to 
£313,652. and at the outbreak of this second German war 
the personnel of the Regular and Territorial forces, in 
cluding reserves, was 1,200 men. 

The Regulars have their base at Hobsonville, Auckland 
which is a combined land and seaplane station, and a 
station at Wigram Aerodrome, Christchurch. The Terriers 
have squadrons based at Auckland, Wellington, and Christ 
church, with a fourth forming at Dunedin. At the out 
break of war extra flights were being established, for the 
Dunedin Squadron, at Invercargill; for the Wellington 
Squadron at New Plymouth and Hastings ; and at Ohakea 
and Whenuapai also. There are altogether 40 aerodromes 
with completed construction work, 35 almost equipped, 
and 50 other sites under consideration. Special attention 
has been given to developing a steel and concrete hangar 
suitable for New Zealand. conditions. Seeing that the 
North and South Islands total only 102,000 square miles, 
ground equipment is well up to requirements for inten 
sively developed air defence. 


r Wartime Expansion 
: Since war started again a great expan- 
: sion has been planned and is being put 
into effect, particularly for training 
centres contributory to the Empire Train 
ing Scheme in Canada. The Dominion 
has promised to send 1,300 pilots, ob 
servers and air-gunners annually, which 
out of a total population of 1,500,000 
(excluding Maoris), is an effective addi 
tion to Britain’s control of the skies 
Already over 400 N.Z. pilots are 
serving with the R.A.F., and the mobile 
flight which was being formed to fly 
Wellingtons to New Zealand is now being 
enlarged into a squadron in the R.A.F. 
New Zealanders have already distin 
guished themselves in this war. One was 
in the raid on Cuxhaven ; and on Novem 
ber 27 a Gisborne schoolmaster and a 
Masterton wool buyer, after reconnoitring 
North-west Germany, got their damaged 
Whitley bomber back to England with 
only half the fabric left on the top of 
the port wing and much of the fabric off 
the other. A Wellington lad shot down a 
Dornier 17 from 27,000 feet as his twenty 
first birthday gift to Hitler from the 
Maginot Line 
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The New Zeaiand Minister ot Detence, the Hon. F. Jones (second from the right), with officers of the R.N.Z.A.F. From left to 
right, Flight Lieutenant A. G. Lester, R.N.Z.A.F. ; the former Chief of the Air Staff, Group Captain Hon. R. A. Cochrane, C.B.E.., 


A.F.C., R.A.F (attached) ; and Wing Commander G. S. Hodson, A.F.C., R.A.F. (attached). 


Group Captain Cochrane has now 


been replaced by Group Captain H. W. L. Saunders, M.C., D.F.C., M.M., R.A.F. 


As already related in Flight, a twenty-one-year-old Wel 
{ington lad shot down a Dornier Do 17 a few weeks back 

The rates of pay and general conditions of service for 
New Zealanders are similar to those of the R.A.F. There 
are some difterences—for instance, there are no marriage 
allowances, but quarters and rations allowances are paid 
to all personnel not living at aerodromes, based on 2s. 6d. 
a day. No satisfactory retired pay scheme has yet been 
adopted. although the existence of the Force dates back 
to 1923. The uniform and the colour of the material is 
the same as the R.A.F., the ranks are the same, the tunic 
buttons have ‘‘ N.Z.’’ cast in, and in the centre of the 
pilots’ wings the same two letters are woven. These are 
the sole distinguishing marks of the Royal New Zealand 
Air Force 


Types in Use 

Ihe service aircraft used in the Dominion at the out 
break ot war included Avro 626, Blackburn Baffin, Fairey 
[IIF and Gordon, Vickers Vildebeest and Vincent, and 
Airspeed Oxford. Like other Dominions with their own 
Air Forces, New Zealand maintains a liaison office in 
London, where Wing Commander Wallingford (late of the 
142 Squadron, R.A.F.) and Squadron Leader Newell 
(late of 204 Squadron, R.A.F.) keep close contact with 
the Air Ministry. During the inter-war period Dominion 
military pilots were called out to perform many tasks not 
strictly of service character. The Canadians explored and 
surveyed new lands, became aerial mailmen and _ forest 
watchers ; the Australians rescued lost gold-seekers, ex 
plored deserts and mapped mining areas; and the New 
Zealanders, in their turn, also had their share of such 
things 

During the Mau trouble in 1930 an officer and two 
mechanics went in H.M.S. Dunedin to Samoa _ with 


a Moth and performed valuable reconnaissance work. 
When the Hawke's Bay district was torn by an earthquake 
early in 1931, Regular pilots helped by others from aero 
plane clubs flew 45,000 miles in twenty-two machines with 
urgent medical stores, passengers, and mails, all land trans- 
port being out of action. During the Murchison earthquake 
in 1929, Squadron-Leader Burrell distinguished himself by 


doing the same invaluable social service, but with greater 
risk, seeing that there were no aerodromes in the district 
then. He landed on and took off from the various beaches 
only. 

Sick people have often been brought to hospital from 
remote places in hours instead of the days taken by ordinary 
land transport. And the girl bather who got washed out 
to sea must have been particularly happy when a seaplan 
alighted just beyond the white pounding surf and rescued 
her at Kare-Kare. A small boat, too, which got adrift with 
several men in it, unable to make shore, found rescue at 
last when an R.N.Z.A.F. plane sent to search for them saw 
the tiny dot far below and forthwith directed a lifeboat 
to the scene. 

Land operations during peace have included an extensive 
aerial survey during 1936 in the Hawke’s Bay district. A 
considerable mosaic of photographs was built up. The Air 
Force has also co-operated with the Meteorological Bureau 
by making observations of the upper air. Air-mass 
analyses have been done up to 22,000ft., and betwee 
August, 1937, and March, 1938 (the first period of this 
work) over sixty flights were made—thirty-four bevond 
16,000ft., and seven to 20,o00ft. The data with which 
pilots returned to earth has been of great assistance in 
predicting weather changes, especially the likelihood of 
rain. 


Help to Civil Aviation 

Ever since its formation the Force has lent every assist 
ance to civil aviation in the Dominion, particularly in th 
selection and inspection of aerodromes. When a local 
authority or organisation applies for a landing ground, ar 
when an airline company needs another landing ground, 
the Force inspects the proposed site by air and by land 
It decides the size needed, and the clearing to be effected 
before the ground may be declared fit for aircraft, following 
which the Department of Public Works is responsible for 
doing the job. During the financial year 1937-38, £276,000 
was spent in this way, and £350,000 was allocated for the 
present year. But, of course, now that we are fighting 
again, that has been vastly increased in the race for 
security. 












A 


fighter 
action 
Blenh« 
clusive 
In se\ 
appeal 
As | 
clusive 
Essent 
for de 
low ge 
twin I 
for th 
sance 
It hi 
bombe 
of cow 
for div 
as on | 
multi-j 
Flight 
it wou 
diving 
speed. 
this « 
view 
page, 


AVI 
char 
mitti: 
gine- 
make 
grou: 
pilot 








The top nose cowling on the Me 110 ‘s arranged to slide to give access to the breeches and belt boxes of the guns. The unusual 
exhaust system is also visible in this picture. 


THAT MESSERSCHMITT 110 


New Information on Germany’s Latest Fighter : Possibility of Diving Brakes 


entirely authenticated, has been published on 

the German Messerschmitt Me 110 twin-engined 
fighter and multi-purpose machine, which has been in 
action against our Vickers Wellingtons and Bristol 
Blenheims. On these pages Flight presents some ex- 
clusive new pictures of this aircraft, which indicate that 
in several respects certain illustrations which have 
appeared in other journals are not up to date. 

As first pointed out in Flight, the Me Ito is not ex- 
clusively—nor, in fact, primarily—an escort fighter. 
Essentially it is a fast multi-purpose machine suitable 
for destroying bombers; attacking ground targets (the 
low gear of the two-speed superchargers as fitted to its 
twin Daimler-Benz DB 601 engines is a great advantage 
for this work); for tactical and strategical reconnais 
sance ; and possibly for dive bombing. 

It has been stated that the Me 110 cannot be used as a 
bomber, as there is no room for internal stowage. This, 
of course, is an unwarranted assumption, for if employed 
for dive bombing the projectile would be carried externally 
as on the Fokker G1, P.Z.L. Wilk and other twin-engined 
multi-purpose machines. Some time ago it was stated in 
Flight ‘that were the machine to be used for dive bombing 
it would be desirable to fit 
diving brakes to limit the 
speed. Weight is lent to 
this conjecture by the 
view on the following 
page, which shows smal] 


\ LARGE amount of descriptive matter, not 


AV.D.M. sp nner with its 
characteristic hole (per- 
mitting the use of an en- 
gine-mounted shell-gun) 
makes an interesting fore- 
ground to this view of the 
pilot going aboard his 
Me IIo. 
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flap-like projections beneath the wings suggesting some- 
thing ‘‘ Skuaish.”’ 

Much of the interest in the Me 110 centres round its 
armament The machine is generally believed to have 
two 20 mm. shell-guns and four machine-guns, but, as in 
ull aircraft of this class, armament can be varied to suit 
requirements [he source which supplied the photographs 
herewith reproduced states that the shell-guns fire through 
the hollow hubs of the V.D.M. airscrews (as on one version 


of the Dornier Do 215) rhere is a strong possibility that 
this is correct, though there is certainly additional arma 
ment in the nose of the fuselage [he close-up study of 


the nose shows armourers attending to what is probably a 
pair of machine-guns under the top cowling, which is 











‘ Flight’ drawing 


January 18, 1940. 


This special drawing shows how well-proportioned and businesslike is Germany’s new twin-engined fighter and multi-purpose 
aircraft, the Messerschmitt Me 110. It may be inferred from successes scored over these aircraft by our bombers that the type is 
not so formidable as was at one time believed. 


arrange to slide forward for easy rearming and mainten 
ance. Ports for these guns can be seen on the sliding fair 
ing, while the two oblong-shaped panels in the side of the 
nose below the end of the fairing probably give access to 
the belt boxes. In the lightly coloured bottom portion of 
the nose may be discerned two additional ports, which may 
be for shell-guns or for machine-guns. 

The armament in the rear cockpit can be one or two 
machine-guns, but a study of the cockpit enclosure suggests 
that these have a very limited arc of fire. It is to be 
expected that further movement would be impracticable. 
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The nose view is also interesting in that the new engine 
cowlings and exhaust system can be studied. It will be 
seen that short sloping pipes direct the gases beneath the 
wing; the standard Daimler-Benz system which ejects 
straight astern would be at a disadvantage in this instance, 
Another point is that the ducted radiators give much ¢ leaner 
lines than on the earlier mark of Me 110. Possibly the 
cooling medium is water under pressure. 

The design of the cockpit enclosure is another feature 
worth noting, as the side panels of the pilot’s enclosure 
are arranged to hinge downwards while the top panel folds 

back. This scheme 
should make for 
easy exit in emer 
gency. Apparently 
the gunners’ hinged 
hood resembles that 
on the Blackburn 
Skua H. F. K. 





Although ‘no guns 

are visible in this 

view, free arma- 

g ment is mounted in 

, a the rear cockpit of 
- _ the Me rro and fires 
astern between the 
twin fins and rud- 
ders. The small 
flaps under the 
wings may be 

diving brakes. 
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An exhilarating aero- 
batic impression se- 
cured from the back 
cockpit of a Bicker 
Jungmann two-seater 
trainer of the type 
which is so popular in 
Germany. 















TRAINING GERMAN PILOTS 


Preliminary Instruction at a School for the Luftwaffe 


By “KISMET” 


HE following brief account of how pilots were 
given their ‘‘ab initio’’ training at a big Ger- 
man flying school is based upon the writer’s own 

experience when flying in Germany during March, 
1938. 

It will of necessity have to be a series of personal 
impressions, rather than a detailed syllabus, and allow- 
ance must be made for the fact that the writer had 
already been flying for some time, and was given 
rather more advanced instruction than the absolute 
beginner. 

Perhaps the best way will be just to go through a 
typical day’s programme, with such explanations as 
may serve to make clear the fundamental differences be- 





























tween the methods in vogue over here, and those 
practised by the Luftwaffe. 

First, then, it should be noted that German manufac 
turers often run their own flying schools, under the control 
of the German Air Ministry. In England I can only think 
of two such instances at the moment The advantages are 
fairly obvious: ease of maintenance by the factory itself, 
all spare parts ready on the shelf, and a chance for the 
designers to see daily how their machines are standing up 
to jt 

Secondly, the pupils’ hours of tuition can be interspersed 
with visits to the works to see exactly how the aircraft 
are made and why they fly in such and such a manner. 

The weather at the time was ideal, and we were out on 
the tarmac by 9.00 hours, after having helped to wheel 
the instructional machines out of the flight sheds (not 
hangars, please), which were really part of the factory 
itself, and opened directly on to the aerodrome 

Although a civilian visitor, I had first of all to don a 
service type parachute, the wearing of which was com- 
pulsory to all, both instructors and pupils, while engaged 
upon any sort of flying carried out from the aerodrome. 
No passenger services were being operated from that par- 
ticular place, and no joy-rides were being given, so I can- 
not say how passengers not under tuition would be treated 

The biggest surprise, however, was the complete absence 
of any system of telephone communication between the 
instructor and the instructed This took a lot of getting 
used to, and I cannot help thinking that telephones would 
have been a great advantage; in front of me now is the 
maker’s catalogue, and there is no mention there of tele 
phone lines being fitted, or even ‘being supplied on demand 
My English flying helmet, therefore, caused a certain 
amount of laughter on account of its no doubt novel 
** fittings.”’ 

When the engine had been warmed up, I tested both 
magnetos by means of a single four-way switch, and then 
taxied out in obedience to pointing fingers. As soon as we 
were moving the ease of ground control with a tail-wheel 
instead of the skids to which I was accustomed, became 


(Left) Bicker trainers, exemplified by this Jungmeister, are 
deservedly famous for their pleasant handling qualities. 










Bicker Jungmeister single-seater trainers of the Luftwaffe 
are fitted with Siemens Sh 14A radials as shown above. 


plain. In fact, it became too plain, as I did a 360-degree 
turn, to the obvious delight of the mechanics who were 
watching ‘‘ der Englander.’’ 

However, after that slight setback I headed into wind 
and took off as carefully as possible, it being the first time 
that I had flown an aircraft fitted with duplicated ailerons. 
In spite of my care, the take-off was bad and the controls 
were pulled sharply out of my hands. 

After a few seconds the instructor waved both his hands 
above his head in token of having quit the controls, and 
I again took over. Climbing with plenty of speed in hand 
failed to please him, and a series of violent upward jerks 


with his extended right arm made me steepen the angle 


until] the earth had disappeared altogether and I was con 
vinced that we were going to stall; but we did not. 

A downward stroke of the right arm, and I eased the 
stick forward for straight and level flying. The left arm 
extended with fingers pointing left; I turn left, but not 
steeply enough, as extra pressure is put on the stick and 
we are turning vertically, or rather the machine is turning 
itself vertically, as there are the instructors’ hands above 
his head again, and mine are gripping the seat! 

This small omission on my part having been rectified 
we continue the turn until I see the aerodrome coming into 
view, when | straighten out of my own accord. This 
appeared to have been the correct thing. After flying past 
the far end of the aerodrome, the throttle was shut off for 
me and a downward sweep of the left arm showed me that 
I was now expected to land. I did, after a fashion. 

The whole process was repeated several times, until after 
twenty minutes the instructor taxied the machine back 
to the tarmac. Followed a quarter of an hour’s talk. 
during which I asked if people were trained right from the 
start by means of signs in the air, and I was assured that 
such was the case. The use of all controls and their func- 
tions would. be explained on the ground first 

Then a particular point would be taken, say the effect 
of the elevators being moved, and then the pupil would be 
taken into the air to move them for himself and to see 
what: happened. 

My instructor informed me that he had never seen a 
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pair of headphones until that day, when he had, of course 
seen my own. 

He then passed to the next stage of my lesson, and told 
me to take the machine off myself, climb to 1,500 metres 
over the nearest lake, the position of which I was shown, 
and do a right-hand, and then a left-hand, spin. ‘‘ You 
must take off, and land, on the left-hand half of the aero 
drome, whatever the wind direction happens to be; the 
right-hand half is always reserved for military flying. Also, 
you will never perform aerobatics, except over water. That 
is a compulsory order to all pupils, at all flying schools.”’ 

Two more things to remember and, thinking of the local 
Zee, I was quite glad for the parachute to be compulsory 
also. ‘ 

Having carried out the spins, I landed and was told that 
they were good enough. I was then to take a second 
machine, of similar type, and make six consecutively good 
landings. The idea in changing the plane was to make me 
concentrate more, as no two aircraft are ever rigged ex- 
actly the same for trim, and it was thought that over. 
familiarity might develop if I was not given the switch- 
over. After four passable landings I made an awful bump, 
and pushing the throttle wide open after ballooning | 
eased it back again, and then juggled the machine on to the 
ground with the aid of about five hundred revs 

Half expecting a shower of green, or red, rockets, I took 
off for the last circuit in some trepidation as to my recep 
tion at the end of it. 

I was asked to ‘‘Come into the office, please,” and 
tottered in there thinking that a week’s grounding would 
be the least to expect. Instead, I was informed that in 
view of the way that I had been seen to deal with what 
might have been an ugly situation, I was to be promoted 
forthwith to an Einsitze In other words, instead of 
disgrace, my highest hopes were to be realised, and on my 
first day’s flying in Germany I was to be sent off in the 
justly celebrated Jungmeister 

But first, some more instruction on the ground 

‘‘The machine that you will now fly is perfectly safe 
if treated with respect, but it is not a toy. Remember, 
if you do not happen to value your own life, that the 
people on the ground value theirs Do not fully open the 
throttle for the take-off until your speed on the ground has 
risen to about 60 k.p.h.; she will get along very well on 
two-thirds throttle, and if you like can be taken off at 
that power, for with ailerons top and bottom she is far 
more sensitive than any other type in the world.’ 

The engine was a 150 h.p. Siemens radial, type Sh 14 A 


The view below (of a Biicker Jungmann) shows as close a bit 
of formation flying as we can recall. 















































































forn 
reqt 


that 
war 
spec 
only 
ings 
agai 
colu 
P. 
ticu 
chie 
the 
equi 
bom 
Fret 
ope! 
R 
sive 
wert 
usec 
fight 
The 
Spai 
Med 
Tare 
One 
thre 
dire 
Ir 
sche 
port 
give 
grou 














ind 
uld 

in 
hat 
ted 

of 
my 
the 


er, 
the 
the 
has 

on 

at 
far 





JANUARY 25, 1940. 


Equipment and Tactics for 





jen 


DIVE-BOMBING 


Specialised Aircraft : Diving Brakes 
Heavy Bombs : The Human Element 


By H. F. KING 


Bombers appearing in Flight of September 2% last year 

suggested a review of international practice in this 
form ot attack with reference to the specialised aircraft 
required and the problems presented. 

Both the Spanish and the Polish struggles demonstrated 
that dive-bombing has a very definite place in modern 
warfare. They established that diving attacks made with 
specially designed aircraft will give excellent results not 
only against small individual targets on land (e.g., build- 
ings, cross roads, railway junctions and “‘ pill boxes *’) but 
against moving objects like ships, tanks and mechanised 
columns. 

Previously dive-bombing with heavy projectiles, par- 
ticularly as fostered in America, was regarded as being 
chiefly of use against ships and it is significant that, despite 
the fact that several squadrons of the -Luftwaffe are 
equipped with Junkers Ju 87 and Henschel Hs 123 dive- 
bombers, the great majority of American, British and 
French machines designed primarily for diving attacks 
operate from the decks of aircraft carriers. 

Reference has already been made in Flight to the exten- 
sive and successful employment of Ju 87s in Spain. They 
were introduced into the conflict early in 1938 and were 
used on the drive to the Mediterranean coast, during the 
fighting on the Ebro front and on the Catalonian offensive. 
They met with particular success in the final phase of the 
Spanish war when they bombed ports and ships on the 
Mediterranean coast. The havoc wrought in Valencia, 
Taragona and Barcelona was due chiefly to their activities. 
One pilot is said to have accounted, single-handed, for 
three large steamers off Taragona, each time securing a 
direct hit. 

In Poland, German dive-bombers, particularly the Hen- 
schel Hs 123 single-seater biplane, were used in close sup- 
port of the infantry. As already inferred, such aircraft 
give good results against tanks and other obstacles to 
ground forces. 


[omer aroused by an article Germany's Dive 


: A study of the German Junkers Ju 87 two-seater dive-bomber : 
; Showing how the single large bomb carried beneath the : 
: radiator is swung outboard before release. There are diving- : 
; brakes under the wings. : 
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A German Henschel Hs 123 single-seater dive-bomber 
releases a salvo of four 50 kg. bombs 


Dive-bombing as we shall. consider it entails the release 
of a bomb or bombs while an aircraft is diving steeply to- 
wards a target. Obviously there is only one point of re- 
lease for a given dive, for after leaving the aircraft the 
bomb will not follow a straight path. Special sights to 


facilitate aiming have been evolved but it is believed that 
these are not in general use. 

The speed of the dive increases the vertical velocity of 
the bomb so that its penetration is equivalent to that of 
a similar projectile released in level flight at a greater 
Although dive-bombing with bombs of 500 or 


altitude. 
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illustrate possible dive-bombing approaches 

in (1) clear weather, (2) when there are 

some clouds, and (3) when there is an un- 
broken layer of cloud. 


1,000 lb. would give good results against destroyers, light 
cruisers and fairly heavily armoured cruisers (e.g. the 
pocket battleships), its effectiveness against very large capi- 
tal ships is often questioned, for the thicker the bomb 
casing (necessary to ensure penetration) the smaller the 
explosive charge. 

As an interesting sidelight we may recall that it is neces 
sary to dig down through four feet of solid earth to retrieve 
a small practice bomb after a diving release. 

The tactics of dive-bombing vary considerably according 
to the nature of the target and efficiency of its defences, 
the state of the weather and the type of aircraft employed 
Diagrammatic representations of attacks under various 
conditions of weather are given on this page. It is advis 
able where possible to attack out of the sun to handicap 




























(Left) An American bomb-displacing 
gear shown diagrammatically. It is 
believed that this is essentially simi- 
lar to the type used by the U.S. Navy 





anti-aircraft defences. Converging 
tactics may also be profitably used 
by formations, while single machines 
may adopt evasive measures before 
their final aiming dive. 

It is reported that Japanese tactical 
dive-bombers approach obliquely at 





+ 2,500-3,500ft., then turn sharply 
jt through 35-40 deg. before diving on 
Th} the target at 60-70 deg., recovering at 
ui 1,300ft. With present machines the 
his speed rises from 90-200 m.p.h. The 


escape is made in a turn. 
Apart from keeping his machine on 
the target the pilot of a dive-bomber 
must allow for wind which will tend to cause the bomb to 
fall short on up-wind approaches, wide on cross-wind 
attacks and over the target on down-wind dives. 

On its final aiming dive a dive-bomber is an excellent 
target for anti-aircraft gunners on the ground and may 
be subjected to all kinds of ‘‘ hate ’’ in the form of shrap 
nel, multiple pom-pom shells and large and small-bore 
machine gun bullets. The French expert, Rougeron, 
recommends the use of shrapnel against dive-bombers, 
each 10 cm. shell containing about 240 bullets. These are 
expelled inside a relatively small cone and at a distance of 
about 100 yd. from the burst one bullet may be expected 


per square yard, whilst at 650 yd. the proportion is one 
bullet to about 3 sq. yd. Even should the bullets be 
met at an appreciable distance from the point of burst 


the impact velocity, due to the high speed of the diving 
aircraft, will accentuate the damage. 
Precise details of the tactics used by 
Royal Air Force and Fleet Air Arm units 
are, for obvious reasons, not available 
for publication. A Continental author 
ity, however, has set out the following 
: stages of a modern dive-bombing attack 
i Phase risa spiral from 10,000 m. down 
to 1,500 m., the time being 
if a speed of 120 m./sec is assumed. In 
Phase 2 the horizontal speed is reduced 
to 40 m. while getting into position 
for the attack. The course during this 
phase is usually at 30 to 4o deg. to the 
direction of the final dive and the time 
is 10 seconds. Phase 3 is the actual 
dive at about 70 deg. on to the target 
and lasts 7 seconds. At the beginning 


about go sec 


sec. 


The highly efficient flaps on the Blackburn 
Skua fleet fighter dive-bomber which not 
only improve take-off and landing quali- 
ties, but restrict the diving speed. 
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of the dive the target is 1,500 m. away and at the end only 
6oo m. The release of the bomb and the pull-out (Phase 
4) is said to occupy 2 sec. and the spiral get-away and 
gradual climb (Phase 5) 90 seconds, 

It is considered that during Phases 1 and 5 the dive 
bomber has complete manceuvrability and is therefore diffi 
cult to hit with anti-aircraft guns. The sudden reduction 
in speed in the second phase is also disconcerting to the 
artillery. It is in Phase 3, when the flight path of the 
dive-bomber must necessarily almost coincide with the tra- 
jectory of the bullets and shells, that the chances of its 
being hit are greatest. Phase 4 is said to be too short 
for consideration by the anti-aircraft artillery. 


Testing in America 

Dive-bombing and the pilots who do it have been heavily 
over-dramatised by pen and camera, mainly because the 
‘“9-G"’ pull-outs required until fairly recently of prototypes 
for the U.S. Navy sometimes subjected test pilots to rather 
unpleasant strains. Referring to this test a writer in an 
American contemporary once said: ‘‘ We are told that in 
one of these sharp pull-outs from a terminal velocity dive 
to meet the current rigid Navy requirements the pilot is 
absolutely without control as to the amount of force of 
pull-out he puts on a ship, as the only physical or mental 
reaction possible under these circumstances is to decide 
when he is going to pull out, pray, pull like hell, pass out, 
and hope that when he does come to he and the airplane 
will still be intact.’’ 

To minimise the effects of sharp pull-outs American test 
pilots sometimes gird themselves with a corset-like belt 
and tie a scarf tightly round their throats. There is a 
natural desire to yell during the dive and this is also 
considered beneficial. 

An American Service pilot, discussing dive-bombing, 
writes: ‘‘ The average pilot is uncomfortable only in pro- 
longed dives from extremely high altitudes ; under 10,000ft. 
the sensation is exhilarating, even in a terminal velocity 
dive. No other sport offers such a feeling of projection, 
for the very attitude of your ’plane, which becomes only an 
extension of yourself, is the factor which determines your 
accuracy.”’ He goes on to say: ‘‘A lot of bilge has been 


written about the tremendous bodily stresses that pilots 
undergo in this work, but the fact is that the human body 
can be subjected to stresses that will wrench the wings off 
the sturdiest airplane.’ 








rer 








The Fokker G.1 multiple-purpose machine can be fitted with 
diving brakes shown above in their ‘“‘normal flight’’ and 
“diving ’’ positions. 


It is said that German dive-bombing pilots used to adopt 
a crouching position to minimise the effect of ‘‘G’’ during 
the pull-out, a special sighting window being fitted in the 
bottom of the fuselage. Certainly this position enables a 
man to withstand a greater acceleration, but it is not so 
efficient as the prone position. 


Design Difficulties 

Design requirements as affecting dive-bombers are often 
very difficult, for, apart from considerations of structure, 
aerodynamics and view, it is often necessary to limit 
dimensions and landing speeds to such figures as can be 
tolerated for carrier operation and to provide for folding 
wings and alternative loadings. 

A dive-bomber must be strong enough to withstand 
sharp pull-outs ; manceuvrable enough to keep enemy A.A 
the pilot’s view over the nose must be 

especially good ; and provision must 

be made, if the machine is a single 
engined type and the bomb is carried 
beneath the fuselage, for the projectile 
to be guided clear of the airscrew 

The twin-engined layout not only gives 

the pilot a better outlook forward, 

but facilitates bomb displacement 

Diving brakes, typical examples of 

which will be discussed later, are 


gunners guessing ; 


On the left is the Douglas (Northrop) 
DB-19 dive-bomber which, like the 
Brewster XSBA-1 shown below, has 
“double-split ’’ trailing edge flaps for 
restricting its speed. The Brewster has 
internal stowage for a single 500-Ib. 
bomb 
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D | V 7 " B O M 7 E R S OT only do these drawings offer a comparison in the design of representative dive- 
bombers but thev indicate the relative sizes of the projectiles carried. The loadings - 

e O M p A R F D shown for the Skua, Henley and P.4/34 ave necessarily conjectural. Internal stowage 

is provided on certain types, including the Brewster and the Savoia Marchetti 
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Air Chief 
Marshal 


Marshal of the 
Royal Air Force 


Group Captain 


Flight Lieutenant 


Air Commodore 


: The badges of rank of : 
: R.A.F. officers are shown : 
: in the diagrams at the top : 
: of the page. In each case : 
: the cuff of the service : 
: jacket is shown on the left : 
: and the shoulder strap of : 
: the greatcoat on the right. : 
: At the bottom of the page : 
: are shown the badges of : 
: certain airmen, all worn : 
: on the sleeve. : 











Air Air 
Marshal Vice-Marshal 


Wing Commander Squadron Leader 


Pilot Officer 





Flying Officer 


RANKS OF THE ROYAL AIR FORCE 


How to Identify Them by Their Distinguishing Badges 


FFICERS of all the fighting Services wear uniform 
O as their ordinary everyday dress in time of war, 

and as this war is the first since the Royal Air 
Force adopted its present blue uniform the civilian public 
is now for the first time seeing these officers here, there 
and everywhere in uniform. In peacetime the public only 
occasionally got a glimpse of an Air Force officer in uniform, 
and then it did not matter much to the man in the street 
whether or not he knew the rank of that officer. Now, 
however, ranks and badges of rank are a matter of com- 
mon interest, and it must be confessed that very few are 
able to distinguish the rank of an Air Force officer at 
sight. In fact, not a great many people could give names 
to all the ranks in the R.A.F., and people who like to be 


well informed are probably a bit ashamed of their ignor- 
ance. For that reason Flight believes that the following 





i 





Warrant 
Officer 


Flight 


Sergeant Major 


article and its accompanying diagrams will be welcomed 
by most of its civilian readers. 

Probably one reason why the ranks of the R.A.F. are 
so generally unknown is because each rank is described 
by two or more words. There are no crisp, single-word 
titles, such as ‘‘ Admiral’’ or ‘‘ Colonel.’’ However, the 
R.A.F. titles become easier to remember if one starts by 
realising that a number of them are based on Navy ranks. 
Thus, the equivalent of a naval Lieutenant is Flight Lieu- 
tenant ; that of a naval Commander is Wing Commander ; 
for the naval Captain the R.A.F. has Group Captain ; 
and there is also a naval touch about Air Commodore, 
though Commodore in the Royal Navy marks the holder 
of an appointment and is not actually a rank. On ceasing 
to hold his appointment a Commodore reverts to Captain. 

The R.A.F. badges of rank are also based on those of the 









Sergeant Corpora) Good Conduct 


Stripe 

















The Distinguished Flying Cross, The Air Force Cross, 


obverse and 


Navy. In ordinary service dress 
on both three Services they are 
worn on the cuff of the jacket, 
but on the shoulder strap of the 
greatcoat. In the Navy the 
stripes are gold and in the Air 
Force of a blue rather lighter 
than that of the uniform. A 
Pilot Officer has a half stripe ; a 
Flying Officer one full stripe ; 
a Flight Lieutenant two stripes ; 
a Squadron Leader two and a 
half stripes (the half stripe being 
in the middle); a Wing Com 
mander three full stripes; and 
a Group Captain four stripes. 
Air Commodores and all senior 
officers are said to hold “ Air 
rank,’’ and their badges make a 
new start with one quite broad 
stripe. For each successive rise 
in rank one full ordinary stripe 
is added above the broad stripe. 
An Air Vice-Marshal has the 
broad stripe and one full stripe, 
and so on up to Marshal of the 
Royal Air Force, who has the 
broad stripe and four ordinary 
stripes. 

We have included among our 
diagrams one badge which be- 
longs to the Navy and not to the 
Air Force. This is the letter 
““A,’’ worn on the cuff of short- 
service officers of the Fleet Air 
Arm. 

The non-commissioned ranks 
of the Air Force are based on 
those of the Army, and there is 
no need to explain what is im- 
plied by the terms ‘‘ Sergeant ”’ 
and ‘‘Corporal.’’ The diagrams 
show quite clearly how to dis- 
tinguish the N.C.O.s of the Air 
Force. Incidentally, all mem- 
bers of the Force who do not 
hold commissions are described 
as ‘“‘airmen.’’ Those who have 


reverse 
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obverse and reverse 








The Distinguished The Long Service and The Air Force 
Flying Medal Good Conduct Medal Medal 


In each case the reverse of the 
medal is shown below the obverse. 
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RANKS OF THE ROYAL 


AIR FORCE (Continued) 








Cap badge of officer 


Cap peak and cap badge of officer of 
- ie below Air rank 


Air rank 





Pilot’s 
flying badge 


Medical Officer’s 
collar badge 





Observer's badge Chaplain’s cap badge 


not received any promotion are ‘‘ aircraftmen ’’—the Press 
and the public are gradually coming to realise that it is not 
correct to write ‘‘aircraftsmen.’’ There are three grades, 
namely ‘‘ aircraftman second class’’ (often written A/C.2), 
“ Aircraftman first class’’ (A/C.1), and ‘‘ leading aircraft- 
man’’ (L.A/C.). 

It may be of assistance to put the equivalent ranks of the 
three Services in tabular form, though again readers should 
remember that a Midshipman is not actually the equivalent 
of a Pilot Officer or a Second Lieutenant. 


R.A.F. 
Marshal of the R.A.F. 
Air Chief Marshal 
Air Marshal 
Air Vice-Marshal 
Air Commodore 
Group Captain 
Wing Commander 
Squadron Leader 
Flight Lieutenant 
Flying Officer 
Pilot Officer 


ARMY 
Field Marshal 
General 
Lieutenant Genera! 
Major General 
Brigadier 
Colonel 
Lieutenant Colone 
Major 
Captain 
Lieutenant 
Second Lieutenant 


Royat Navy 
Admiral of the Fleet 
Admiral 
Vice-Admiral 
Rear Admiral 
Commodore 
Captain 
Commander 
Lieut. Commander 
Lieutenant 
Sub-Lieutenant 
Midshipman 


DISTINCTIVE 





Air 
Gunner 


Wireless 
Operator 


Leading 
Aircraftman 








Chaplain’s collar badge 


BADGES OF CERTAIN 





Badge of 
Air Gunner 


Cap peak of 
Group Captain 


Everyone is delighted when 
it is announced that the King 


has decorated an officer or an 
airman for gallantry, but the 
decorations open to the Air 


Force are probably not generally 
known. The Victoria Cross may 
be won by a man of any rank in 
any of the three fighting 
Services. Companionship of the 
Distinguished Service Order 
open to the officers (but not to 
other ranks) of all three Services 
The Military Cross and the 
Military Medal (primarily in 
tended for the Army) can be 
conferred on R.A.F. officers and 
airmen respectively, but such 
awards are rare and are only 
made for gallantry in action on 
the ground—e.g., by crews of 
R.A.F. armoured cars. The dis- 
tinguished Flying Cross and the 
Distinguished Flying Medal are 
confined to the R.A.F., for 
officers and airmen respectively, 
and are awarded for gallantry in 
action in the air The ribbons 
are of purple and white diagonal stripes, broader for the 
cross and narrower for the medal. The Air Force Cross and 
the Air Force Medal are intended to reward good work in the 
air, not carried out in the face of an enemy. The original 
idea was that they should be confined to R.A.F. officers 
and airmen respectively, but King George V conferred the 
A.F.C. on the late Mr. Harry Hawker and Commander 
Mackenzie Grieve after their attempt to fly the Atlantic in 
1919, and since then this decoration has several times been 
conferred on civilian pilots. The ribbons are diagonal lines 
of red and white, broader for the cross and narrower for the 
medal. Our illustration also shows the Long Service and 
Good Conduct Medal, which can be conferred on airmen 
(not officers) with eighteen years of good service to their 
credit. The ribbon is dark blue and maroon with white 
edges. 

Two badges for air gunner appear on this page. That 
in the bottom line is worn on the sleeve by qualified air- 
men, but new training has been adopted, and future 
air gunners will wear on the left breast the badge shown 
in the top line. 


Sleeve badge of 
Air Branch, R.N. 


1s 


AIRMEN 





Bandsman Physical Training Apprentice or 


Instructor Boy Entrant 















Although not one of Indi- 
cator’s landings this exam- 
ple of a comparatively 
harmless pile-up forms a 
picture which must have 
come to every pilot’s mind 
at one time or another. 





be devised, and if this instrument had been applied to 

me at different stages in my comparatively long but 
somewhat meagre flying experience, the readings would 
probably have shown their maximum at the fifty-hour and 
two hundred-hour marks. 

At the first figure I felt that I had the trainer-type—and, 
in particular, the Moths and Avians—pretty well in hand. 
I had not yet experienced the difficulties involved in 
handling more complicated machines with higher wing load- 
ings. At the second I had successfully flown a few different 
types, and had found that they were all much of a much- 
ness. Nor had I been caught napping by any very strange 
event. I had run accidentally into normally bad weather 
and had executed one or two very straightforward forced 
landings on aerodromes and with familiar machines. 

Since then the readings of this apocryphal instrument 
have been going down, yet in all common sense I must 
know a little more about flying and the habits of aeroplanes 
than I did either at the fifty or two hundred-hour marks. 
Not that I feel less able to cope with a particular circum- 
stance than anyone else of my own class and experience— 
it is simply that I have learnt, with experience, that it is 
not by any means pure jam, this flying business. Nothing 
ever happens according to the book, and the real emer 
gencies catch one unawares. 


[' such a thing as a ‘“‘ barometer of confidence ’’ could 


Landing Technique 

For instance, I know (or think I know) that I can pull 
off a forced landing with a trainer of the old type, and I 
had long since worked out and practised (from 2,oo0ft., 
into a good aerodrome, with a perfectly trustworthy 
engine) an emergency technique for use with the more 
modern machine which cannot be sideslipped or crazy 
flown to a standstill over a turnip field’ or other selected 
patch of ground. The scheme was to S-turn at a safe 
height and speed near the leeward boundary of the field, 
and then slam on the flaps before finally turning in to land— 
using their effect as one would a sideslip with the con- 
ventional type. 

So much for theory. When my engine stopped the other 
day, the machine was at 1,oooft. or less and not one 
single field (unadorned with tall boundary trees) could be 
seen of a size greater than that of the proverbial cabbage 
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Topics of the Day 





PRACTICE 


versus 


THEORY 


A Word or Two About Forced Landings 
and Sudden Emergencies in General 


patch. By the time I had chosen one with, at least, a 
low leeward hedge (to reduce the personal damage in case 
of under-shootment), had changed tanks in a furious en- 
deavour to get the engine to go again, and had generally 
fiddled around the cockpit by way of discovering a p ssible 
reason for the stoppage, I had lost five hundred of the 
thousand initial feet. 

So much for my S-turns. All I had time for was a right- 
angle approach with the flaps down—and even then they 
had to be raised momentarily in order to stretch the glide 
I had not flown the particular type for more than a year, 
and had no real idea of the flaps-down gliding angle. I 
crossed the low hedge a shade fast, swish-tailed manfully, 
landed, and wound up the exhibition with an ignominously 
collapsed undercarriage. 


Effect of Snow 
Snow tends to level irregularities to the eye of the 
approaching pilot, and a hard frost makes the softest of 
farm produce as hard as concrete. Farm hands had been 
preparing for what is so uneuphoniously known as muck 
spreading, and the undercarriage legs snapped like carrots 





against two frozen examples of their preparations for this | 


necessary work. The country was bare and desolate ; the 
hot exhaust pipe sizzled in the snow—but within a minute 
all desolation was lost amidst the excited cries of two dozen 
people. You may ask me whence they had come. Any- 
body would imagine that they had been waiting for days 
behind the hedgerows for this particular event, which had 
been foretold exactly by the local astrologer. 

Again: So much for theories. I had some good ones 
about fuel systems. Never run a tank dry and soon. My 
theory did not allow for gauge irregularities or for the fact 
that an engine might use more fuel than it is customarily 
supposed to do. The only practically correct part of the 
theorising referred to the probability of air locks The 
probability became a certainty and the starboard tank did 
not “‘take.”’ 

That was a bad week. Only two days before, the port 
engine of a medium bomber had cut just after the take-off 
Theory, there, worked pretty well in practice, and I thanked 
my stars for the C.F.S. dictum that, with this particular 
machine, all the height in the world will not avail without 
speed. I had speed, a hundred and thirty miles an hour of 
it, the undercarriage was up, the flaps were up and the 
cooling gills were closed. We went on flying—surrounded 
by painful-looking urban paraphernalia. But I had also 
been told to turn against the good engine—i.e., to star 
board. Instinct demanded a left-hand circuit, and, in any 
case, the machine had half-rolled round to the left before 
I had fully realised the cause of this strange difference in 
sound. A little theory went by the board again, but th 
bulk of it enabled me to bring the contrivance back on to 
the ground intact except for the port engine. Since this 
engine carried the hydraulic business, my circuit consisted 
of think, fiddle, pump, think, fiddle, think, pump and pump 


again. [ was still pumping the flaps down during the 
hold-off. Let ncbody tell me that flying can’t be hard 
work. INDICATOR 
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An R.A.F. vertical photograph of Harburg, the port of Hamburg, which has been brought to a standstill by the British blockade 
Interesting features are (A) Drawbridge; (B) Dock; (C) Barges; (D) Barge-building yard; (E) Railway turn-table ; (F) Fuel oil tanks; 
(G) Lock gates; (H) Tall chimney; (I) Shelter trenches; (J) Timber; (K) Fuel pipe lines; (L) Lighters; (M) Cold storage buildings 


T the risk of being thought patronising, one must hand 
“A a bouquet to the R.A.F. for the magnificent photo 
graphs they have brought home from enemy territory 
Magnificent not only on account of the total disregard for 
danger in obtaining them, but for their intelligence value 

Judged by the standard of the pictures taken 25 years 
ago, when last we photographed German towns without 
permission, these shots would be more representative of 
June photography than those taken in midwinter. Sinc« 
then, of course, material has improved out of all recogni 
Plates and films, for instance, are at least five times 
as fast as they were then, besides—what is more important 
still—being much more colour sensitive in the green band 
of the spectrum. 

rraining of photographic ground staff is a good deal mors 
thorough now than it was in, say, 1915. In those days, like 
the rest of the air branches, all were learners with little 
time to learn. Now, a specialist course at the School of 
Photography ensures a steady flow of skilled men 


tion. 


It is interesting to recall that prior to the 1914-18 war a 
lens which did not bear a German name was usually cor 
sidered to be something resembling the bottom of an i 
ferior ginger-beer bottle The Germans made us learn to 
produce our own lenses. To-day British optical equipment 
is of superb quality, capable of accomplishing the most 
exacting work and extreme definition 

In case it should be thought that these which 
have been published are the product of high flying and 
let me say that the exact opposite is th 


‘ aerials ’ 


long-focus lenses, 
truth To verify this is 
Shots from low altitudes taken with comparatively short 
focus lens will always show an angular perspective whic! 
gets progressively greater as_ the of the picture is 
approached. In the above picture of Harburg docks it 
will be seen that a good deal of the faces of the buildings 
near the edges of the photograph can be distinctly seen 
which shows at once the low height from which it was 


obtained. j. 2 


a simple question of geometry 


edge 
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RIDE of the Coastal Com- 
mand are the Short Sunder- 
lands, the largest aircraft in 
service with the R.A.F. These 
marine monsters have covered 
many thousands of the five 
million miles flown by aircraft 
of the Command since the waf 
began. 


In the first view a Sunderland 
is seen scrutinising a vessel. 
No. 2 shows a second pilot 
signalling with an Aldis lamp 
and No. 3 gives an idea of what 
happens when the four Pegasus 
XXII’s are opened up for 
take-off. 


The two midships manually- 
trained guns are Vickers KS 
and No. 4 shows them manned 
by their gunners. Nos. 5 and 
6 show respectively a typical 
Sunderland crew and a sergeant 
demonstrating oblique photo 
graphy. We use the expression 
“demonstrating ’’ advisedly, 
because quite obviously the 
boat is on the water, and the 
sergeant would hardly be likely 
to waste good photographie 
material on pieces of driftwood. 
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‘CORRESPONDENCE 


The Editor does not hold himself responsible for the views expressed by correspondents. 


The names and addresses of the writers 


not necessarily for publication, must in all cases accompany letters 


THOSE OVERSEAS MARKETS 
The Civil Service Outlook 


IKE Mr. Marendaz, I have been hoping that someone would 

back up the views expressed in my article in Flight of 
November 30, 1939, and I am most grateful to him for taking 
a hand in ventilating this most important subject. He and 
I, as he says, do not forget what happened to our motor 
industry in the 1914 war and hold that, unless something very 
drastic is done by those in authority, the 1939 war will be the 
cause of a similar disaster overtaking our aircraft industry. 

I have the keenest understanding of Mr. Marendaz’s diffi- 
culties and know how the sense of frustration must irritate 
him because in so many respects my experience to date is 
similar to his, but I am not in any way discouraged or doubt- 
ful about the rightness (from the national point of view) of 
the cause I have at heart. 

My life so far has, in the main, been one of pioneering in 
engineering fields on what have proved to be well worthwhile 
projects. and always my experience has been that the more 
worthwhile the project the greater the moment of inertia of 
public reception This moment of inertia of public reception 
has to be appreciated and taken into one’s calculation when 
trying to win fatour for any idea with the public; and what 
we pioneers so often fail to do is to calculate its effects on 
our projects and allow for it; afterwards we feel disgusted 
and discouraged when we fail to win public support. 

In the curious design which we call democracy we find many 
items which seem neither logical nor’sound. It may be that 
our judgment is sound, but it takes time to get these items 
modified by public opinion, and there is no other way to get 
needed changes made in democracy. 


The Other Side 


We should try to understand the problem of those in 
official public positions. One of the absurdities of our system 
is that a Civil Servant gets no thanks or credit for doing a 
creative action if it involves risk (and what creative action 
does not?), but he gets into great trouble over the smallest 
failure. So it becomes almost an inevitable part of the whole 
Civil Service system that action, if any, tends to be negative. 
Of this I am certain, the splendid men and women who serve 
the nation in the Civil Service are almost wholly unaware of 
this influence upon their state of mind, and that it becomes 
expressed in the actions of most, in spite of their obvious 
desire to be helpful. It is grimly humorous that so many of 
them are as impatient at the lack of action and results as 
those outside the Civil Service 

In these circumstances how can we expect the Civil Servant 
to take the needed action to encourage the export of aircraft 
and foster the development of new designs for this purpose so 
early in the war, when they feel that all public opinion demands 
is that they deal with the war and its essential organisation ? 

Is it reasonable to expect that they should encourage enter- 
prise which brings special problems and may well bring 
criticism from the public? Public opinion is still at the point 
where any foolish restriction and breakdown in private and 
public services are readily accepted as explained by such 
inexcusable cliché as ‘‘this is inevitable in war’’ or ‘‘ you 
must expect this in war.’’ 

It is only after the hysteria of initial war panic has passed 
and the public are once again in possession of their critical 
faculties and a better sense of perspective that the need for 
action in directions that are appreciated as important will 
be apparent, and it is then that the Civil Service can be 
expected to act. 


Export Propaganda 


Because of this my company has made up its mind to be 
patient and quietly persistent, and to try to direct public 
attention to the importance of the export of aircraft. The 
whole of our advertising appropriation for the next twelve 
months has been earmarked for this purpose. 

This may help some of your readers to understand why, 
since the war, we have stopped advertising the merits of 
our excellent Cygnet aeroplane and taken them for granted 
and are directing the whole of our efforts to stressing the 
importance of the export of aeroplanes from this country to 
the Empire and other overseas markets 

We hope that the advertising we are doing both in the 
domestic press of the Dominions and friendly foreign countries 
will influence their people to buy aircraft from those who buy 





largely from them and so help this country to win the war, 
the successful issue of which is so vital to our future well-being 
We are greatly indebted to Flight for its leadership in this 
matter and we have no doubt that since Flight has so often 
pointed the way in the past in matters of importance, it is 
acting as a sure guide in this case and that in due time 
we shall, in spite of all present seemingly insuperable diffi 
culties, official and unofficial, see a great number of Cygnets 
being exported to the wide world, with great benefit to our 
company, but with even greater benefit to the British aircraft 
industry and the British Empire. 
E, C. Gorpon ENGLAND, F.R.Ae.S., 
Managing Director, General Aircraft, Ltd 


THE NOT-QUITE-FIT 
A Plea to be Allowed to Help 


I DO not know whether, at the age of 26, I can be considered 
to be a youth deserving an opportunity to do my share 


in adding to the strength of the R.A.F.”’ (your leader, January 
4), but it does seem to me that there is a marked lack of 
encouragement towards those who wish to join as volunteers 
3efore the war I was an amateur pilot—‘‘ A ’’ licence and very 
amateur !—and joined a sort of musical comedy act called 
the Civil Air Guard, since that appeared to be a viaduct into 
the R.A.F. should war come It did come, and I broke off a 
holiday in America in the hope that I would be able to join 
up immediately. At home I found a document urging me to 
go for an interview and medical examination. 

Everything would have been lovely had I not, when three 
years old,’ pulled a ladder that was much too heavy for me 
and bust up my inside enough to put me in medical Grade III 
Result, no R.A.F., and all the money (mine and the tax 
payers’) and time spent learning to fly, and trying to improve 
rendered useless. The understanding that alternative employ 
ment would be offered was ignored. Although my defect 
was spotted at the time of my medical examination on 
joining the C.A.G., I was not told that I would be ineligible 
for service in the R.A.F. in wartime. Even assuming that | 
am unfit to indulge is aerobatics at great speeds, there are 
many piloting jobs which approximate closely to those of a 
civil pilot, and which I could do perfectly well. Hence it is 
rather galling to see that such jobs are being given to women 
I imagine there are many men who feel resentment at the 
way their money has been wasted, and they have been thrown 
aside as useless without a word of thanks. It may be asked 
why should we alone receive special treatment. The answer 
is that we alone need it. The 100 per cent. fit men do not 
need it. To show that I am not entirely deformed, perhaps 
I might be permitted to mention that I play rugger, cricket, 
squash, etc J. M. JENNINGS. 

London, W.8 


ROCKET EFFICIENCY 
The Neglect of Kinetic Energy 


T the risk of being tedius I should like to reply to three 

points raised by Dr. Lanchester 

In his reply to my letter Dr. Lanchester says: ‘‘ When the 
rocket jettisons part of its mass and is left with diminished 
energy, the energy lost is not destroyed, it is made use of in 
prapulsion. It is, in fact, this which supplies the energy to 
which is’ due the very high efficiencies represented by 
equation (4). a3 

This is precisely the point I was trying to make, except 
that I would have said ‘‘apparent efficiencies,’’ and I still 
think this is correct. The expression which most of the letters 

2Vv 
Wa is the correct 
formula to use in order to calculate the amount of fuel re- 
quired for a given journey, for either a rocket or an aeroplane 

If Dr. Lanchester’s formula were correct for this purpose, 
perpetual motion would be possible, as is easily seen by 
imagining a compressed air rocket arranged to drive an aif 
compressor. 

Secondly, with regard to the ‘‘djinn’’ inside the rocket, 
suggested by Dr. Lanchester in his reply to Mr. Lawrence 
If this ‘‘djinn’’ has no knowledge of the velocity of the case. 
and takes the case as his datum, as Dr. Lanchester requires, 


published give for the efficiency, i.e 
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THEN ann NOW 


Aircraft Construction of 1916 and 1939 Compared 
By W. O. MANNING, F.R.Ae.S. 


T is probable that among 
all the weapons which 
were used in the last 

war the aeroplane shows 
the maximum amount of 
change in design. Such 
things as warships, tanks 
and field guns have cer- 
tainly undergone some 
development, but it requires 
an expert eye to detect the 
differences between, say, a 
1914 destroyer and a 
modern. But the aeroplane 
has changed completely, 
and is no more like its predecessor than a modern 
battleship resembles H.M.S. Victory. It has developed 
in twenty-five years more than naval architecture has 
done in one hundred. 

This change has affected every part of the machine, 
and has been the result of the most concentrated and 
expensive scientific investigation that has ever been 
applied to any human contrivance. For a comparison, 
let us take the old Sopwith Pup. This machine, with 
its 80 h.p. engine and its top speed of some 100 miles 
an hour, was in its day the best single-seater fighter 
on the Western Front. Now we have our Hurricanes 
and Spitfires with a performance which would have been 
regarded as incredible during the first German War, and 
there are rumours of new fighters which will be able 
to make rings round even those machines. Everything 
has gone up in proportion. Range, climb and ceiling 
are immensely greater, and single-seater armament has 
been developed from a single revolver to eight machine- 
guns spitting out bullets at the rate of over 100 per 
second 

As one of the older designers, I still retain a lingering 
affection for the biplane, and it always pleases me when 
I see a Gauntlet or a Fleet Air Arm biplane in the sky. 
But we must all recognise that the day of the super- 
imposed wing has gone, probably for ever, and that 
the future is with the monoplane. 


pioneer aircraft designers. 


Wood Construction 

Most readers will have a general idea of the type of 
construction used in the last war, with its wooden spars, 
wooden ribs, and wood or steel struts, the two wings 
being braced together with wire which was usually 
streamlined in section. With the exception of a pusher 
of French design, which had a crude form of metal con- 
struction, I do not remember any metal aeroplane being 
used on the side of the Allies, and on the German side 
everything was wood until the Junkers monoplane 
appeared, and I doubt if this aeroplane ever actually 
appeared on the Front itself.* 

The wooden type of construction lent itself very well 
to rapid production. Any wood-working firm, how- 
ever small. which possessed a planing machine, a 
spindle and a circular saw, could turn out wing spars in 
quantity. and the addition of such cheap tools as a band 
saw and jig saw would enable them to turn out ribs, 








* Mr. Manning is not quite correct on this point ; the Fokker 
ee had wooden wings and welded steel tube fuselage. 
—ED 






The author of this article is one of Great Britain's 
Somewhere around 1911 he was 
associated with Mr. Howard Wright in the design of the 
Coventry Ordnance biplane produced for the Military Trials 
of 1912. During the war 1914-1918 he was chief designer 
to the aviation section of the General Electric Company. 
For that firm he also designed, after the war, the little Wren 
light monoplane, which flew quite strongly, although it was 
driven by an A.B.C. motor cycle engine of 10 h.p. only. 

Mr. Manning's preference for wood is understandable, 
although he fully realises that many modern aircraft types 
could not possibly be built of that material. 
guilty of a sneaking regard for the “good old biplane. 


many of which had plywood 
centres. The result was 
that, if the main works were 
situated at or near a large 
town, one roped in every 
small wood-working firm in 
the place, supplied them 
with material, arranged for 
supervision, and set them 
to work. It was amazing 
how many of these small 
firms could be found by 
a careful search, situated 
in back alleys or up obscure 
streets, working in worn- 
out workshops in the midst of sawdust and shavings, 
but often possessing men of superior skill as wood- 
workers. These were utilised to the full. They had 
to be taught that aircraft parts had to be made to a 
close degree of accuracy, and that a dimensional error 
which might be negligible in a chest of drawers was 
intolerable in a three-ply rib centre. But once they 
had learnt this, we had extremely little trouble 
with them, and the work they turned out was excel- 
lent. It was also a great advantage to have one’s 
sub-contractors close to one’s works. It was possible 
to send an inspector round a number of them in an 
afternoon, and if any of them got into trouble over some 
part, or did not understand some drawing, they could 
be put right with very little delay. 


He pleads 


” 


Glued Joints 

Later in the war we suffered somewhat from shortage 
of the best grades of aircraft spruce. The long lengths 
which could be got in the early days were no longer 
available, so that the number of glued joints in spars 
became much more numerous. As these joints were 
generally of vital importance to the stability of the struc- 
ture, special care had to be taken that they were sound. 
In those days we were using ordinary glue, kept hot 
in large glue pots, and in some forms of spars such as 
the box, with very long glued joints to make, it was not 
easy to get the joint closed before the glue chilled. A 
warm workshop, warm wood and lots of men with glue 
pots and clamps were wanted, 
and this was difficult to 
arrange with the small sub 
contractor. Besides, he often 
had the idea that the gluing 
methods used by his grand- 
father were ideally perfect 
and incapable of improve- 


ment. So we had to do much 
of the gluing at the main 
works. 


Generally speaking, _ the 
wooden parts gave extremely 
little difficulty in production ; 
if there was a hitch it usually 
occurred in connection with 
metal fittings. Most of the 
fittings used were made of 
plate, which had to be shaped, 
drilled, and then bent in 





A typical wooden box 
spar. Even the flanges 
themselves often had 
to be joined by gluing. 
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various directions. As a rule, one seldom got enough 
of any individual fitting to make it worth while using 
dies, so most of them were roughed out in a nibbling 
machine and then finished by hand. Much of the 
labour one had to use was described, apparently by 
courtesy, as semi-skilled, and they wanted very care- 
ful watching if the percentage of scrap was not to rise 
to abnormal proportions. It is always so difficult to 
induce the inexperienced to realise the importance of a 
dimension. But after this type of man had been work- 
ing in the shops for some time, and had realised exactly 
what was wanted, he really did very well and often 
turned out work quicker than men who were fully 
skilled. The latter, being expert workmen, often 
spent time over little refinements which were not at all 
necessary. Bolts we usually bought “‘out,’’ though 
there were certain special ones which we had to make 
ourselves. Turned parts generally did not give much 
trouble ; a good battery of capstans and a few auto- 
matics dealt with them satisfactorily. 


Women Workers 

Later on in the war we used female labour extensively 
for the simpler jobs, not only at the bench but for simple 
wood work and for gluing small parts. Once they got 
the idea of what was wanted, they were quite efficient, 
but there were occasionally unexpected troubles. | 
remember particularly the female indignation among our 
dope room workers when they first discovered the effect 
of splashes of aeroplane dope on artificial silk stockings ! 

Design was much simpler than it is to-day. Spars 
were often designed by the simple three-moments 
formula, compression loads being dealt with by Perry’s 
method. There were few complications ; the only one 
used then which does not occur to-day is probably the 
case of ‘‘shot-away factors.’’ For the calculation of 
these it was assumed that any one of the streamline 
wires might be cut by a bullet, and that the structure 
must be made safe under these conditions, though with 
reduced factors. The people of the technical depart 
ment of the Air Ministry then existing were very easy 
to work with, and decisions on doubtful points came 
through very quickly. If we had known as much as 
we know to-day about stresses in aeroplane structures, 
I suppose these crude methods of stressing would not 
have been permitted, but, after all, the proof of the 
pudding is in the eating, and structural failures were 
almost unheard of, in spite of our ignorance. 

Looking at a modern aeroplane, the progress made 
is most impressive. Metal construction has made pos- 
sible many types which could not possibly have been 
designed in wood, but it has also brought with it many 
troubles of its own. Among these I would instance the 


B.S.1. Plywood Specification 
‘THE British Standards Institution announces that a revised 
edition of the B.S. Specification 4 V.3 for plywood for 
structurally important parts of aircraft has just been issued 
by the British Standards Institution 

The timber is limited to birch (European or sweet or yellow) 
and rock maple. 

Under the provisions relating to the manufacture of the 
plywood, boards to inches wide and under must have both 
faces free from edge joins in the veneers. In the case of wider 
boards the number of edge joins in the veneers in any ply must 
not exceed the width of the board divided by 8. The joins 
must have a stagger of at least 1 inch 

End grain joins in the veneers are not permitted in boards 
up to and including 60 inches in length. Longer boards may 
have one such join in each face. The joins are to be not less 
than 12 inches from either end of the board and to have a 
stagger of not less than 12 inches End grain joins through 
the thickness of the boards are not permitted unless specified 
in the contract, and if so specified they must be scarfed in an 
approved manner and in the position specified in the contract 
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extreme complication of the stressing methods which 
have to be used, and the fact that many of the parts 
can only be made on complicated, bulky and expensive 
machines, such as draw benders. I shall expect to see 
in the.future a simplification of metal construction, the 
use of fewer parts of simpler form, and some methods 
of cutting down the immense number of rivets. As 
experience with light alloys grows, it is possible that 
many parts will in future be cast, and this method is 
far more flexible with regard to form than rolling or 
extruding. Some of the early cast-iron road or railway 
bridges or roofs, still fairly common in this country, 
might well repay study by the modern aeroplane 
designer. 

But the chief difference between now and then must 
reside in the necessity for the sub-contractor to possess 
complicated machinery. No longer is the possession of 
a band saw sufficient for important help, but presses, 
lathes or machine tools generally become necessary. 
Sub-contractors owning such tools as draw benches are 
not likely to be found. But the production of any 
part, wood or metal, is necessarily dependent on the 
existence of the right machine, and in this sense wood 
has an important advantage, as wood-working machin- 
ery is generally so much simpler and cheaper. But 
it is always possible that the modern impregnated woods 
may be used extensively in the future. 


Conservative Designers 

One of the features which must strike the unprejudiced 
observer of aircraft practice would probably be its innate 
conservatism. It is true that it has advanced, is ad- 
vancing now and will continue to advance, but once 
the designer has been taught to think in terms of metal 
construction for a few types, he tends to think in the 
same way for all. Structures of normal wood, or of 
impregnated wood, can be made for special types which 
are probably lighter and cheaper than any metal job, 
and the advantage of wood should always be considered 
by the designer of a new type. In many cases it will 
be obvious after investigation that metal construction 
is the only type possible, but in others wood will be 
clearly the best. The idea which one hears, not infre- 
quently, that metal is the only material out of which a 
good aeroplane can be made, should be exploded. 

It would seem that the problems of production must 
be very different now than they were in the last war 
Then the chief problems were to find firms which had 
tools which could be used, and there were quite a lot of 
them ; now the problem must be largely to find the tool 
and to find somewhere to put it, complete with all its 
complicated accessories. I fancy this problem must be 
the more difficult of the two. 





Ihe adhesive is to be a paper film glue or other resin glue 
of approved manufacture. 

The methods of determining the 
strength, bending properties, adhesion of plies and resistance 
to water of the finished plywood are fully described 

Copies of this revised British Standard Aircraft Specification 


moisture content, tensile 


(5 V.3) may be had from the British Standards Institution, 
28, Victoria Street, London, S.W.1, price 1s. each (1s. 2d 
post free) 

125 Octane 


A‘ a meeting of the Institute of Petroleum recently Pro- 
fessor A. W. Nash, president of the Institute, said that 
fuel of 125 octane number had been produced experimentally 
in laboratories, but the cost was about fro per gallon. We 
remember the time when fuel of 87 octane number was pretty 
expensive. But the production was placed on a ccmmercial 
basis, and then came the octane fuel. also expensive 
Histoi seems to show that what is a laboratory process to-day 
becon he commercial process of to-morrow, so perhaps some 
day w. ‘| have 125 octane fuel—and the engines to use it 
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AIRCRAFT CONSTRUCTION 


A Review of Modern Stressed Skin Systems 


By ROBERT L. LICKLEY 


N this short review only the main types of construc- 

tion of wings and fuselages will be described, and the 

relation between the type of structure and its loads 
and duties will be discussed. A review of this kind must 
of necessity be brief, and consequently many interesting 
types of structure must be left out. Moreover, the latest 
developments cannot be discussed at the present time for 
obvious reasons. 

The wings of an aeroplane have two main duties to 
perform : they have to be strong enough and stiff enough 
to resist the loads set up in flight; also, and of equal 
importance, they have to carry part of the disposable 
load of the aeroplane, whether this is made up of petrol, 
guns and bombs, or, on civil aircraft, of passengers 
and mail. These two duties are usually in opposition. 
The best wing, structurally, is that in which the whole 
is used as structure without-openings or breaks. On the 
other hand, accessibility demands that openings of con- 
siderable size have to be made in the wing to enable the 
contents to be removed and replaced easily. Careful 
design, however, enables wings to be made which are 
efficient as structures, and at the same time give good 
accessibility. 

In the following sections we will consider the main 
types of wing and how they meet these divergent 
requirements. 

Wings fall into three main structural classes: (1) The 
single-spar wing with the nose of the wing taking the 
torsion; (2) the box and two-spar types; and (3) the 
multi-spar type having three or more spars. The sketch 
shows cross sections which give a general idea of these 
main types. Certain wings do not fall exactly into these 
classes ; they are few in number, however, and will be 
left out of this review. Multi-engined aeroplanes may 
have one type of construction outboard and another in- 
board of the engines. The reason for this is that the 
inboard construction is dictated by the fuel or other load 
to be carried, the outboard part usually being free of 
load. 

The Single-spar Wing 

In this a single main spar, which may be anywhere 
from 20 per cent. to 40 per cent. of the chord, takes the 
flexure loads, the torsion loads being taken by the skin 
which forms the nose of the aerofoil. Aft of the main 
spar the members and covering of the wing are not im- 
portant structurally, and it is in this portion that most 
of the load, if carried, is stowed. If the nose portion 
is continuous, the system gives a stiff wing. When, how- 
ever, the spar is far back, holes have to be made in the 
nosing to take the wheels, oleo legs, etc. This greatly 
weakens the structure, and is a heavy price to pay for 
the simplicity of the single-spar construction. The ribs 
which carry the flap and aileron hinges are heavy, and 
are an ever-present source of weakness in this type of 


| Wing. 


As the torsion loads must be taken by the nose por- 
tion, an unbroken nose skin is essential for stiffness and 
reasonable weight. Thus detachable nose tanks, wing 
engines, etc., do not fit in well with this type of wing 





Mr. Lickley is on the technical staff of Hawker Airc iJt, 
Ltd., and is one of Mr. Camm’s assistants. The viev x- 
pressed may, therefore, be taken as representing alsc *’ of 
his chief.—Ep. 
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l. SINGLE-SPAR TYPE 


2. TWO-SPAR TYPE 
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2a BOX-SPAR TYPE 
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3. MULTI-SPAR TYPE 





Note: The stress- 
carrying portion of 
each type of wing 
is shown shaded. 














Four types of wing construction which are in general use 
at the present time. The advantages and disadvantages of 
each are discussed in this article. 


The principal advantage of the single-spar wing is 
that it is an easy production job. The spar and nosing 
can be built as separate units, and need not remain long 
in an assembly jig. The rear portion of the wing can be 
attached afterwards, and, as the strength of this is not 
so important, detachable panels can be included to facili- 
tate erection. 

Present examples of this type of construction are the 
Spitfire, Hampden, Flamingo, and Heinkel 112. In the 
Spitfire the nose is unbroken to the root of the wing, 
and the space behind the main spar permits of wheel 
wells, gun installation, etc., without the structural 
strength being affected. 

The Flamingo outer wing has a metal nose and main 
spar, and the portion aft is fabric-covered. This latter 
gives a light construction in aircraft whose speeds are 
not high. 

In the Hampden there is a strong main spar, but the 
nose of the aerofoil is so designed as to give additional 
bending strength as well as torsional strength. This wing, 
which is very well designed from the production point of 
view, shows the advantages to be gained in this field by 
the use of a single spar. 

The Heinkel 112 wing is a bad example of the single- 
spar wing. The spar is far back, and consequently the 
wing structure has to take large torques and large bend- 
ing moments at the same time (CPF case). In addition, 
the nose has large openings for wheels, etc. These 
require heavy reinforcement, and remain a source of 
weakness. 

These four representative wings show the main varia- 
tions of the single-spar ‘‘ theme,’’ and how far the con- 
struction is affected by engines, etc. 


The Box or Two-spar Wing 

In this type of wing there are two spars for carrying 
flexure loads; they are usually joined by a skin cover- 
ing which takes torsion loads and aids the spars to 
resist the flexure loads. The nose skin may or may not 
be used to add to the torsional stiffness of the wing. 

This type of construction has the advantage that the 
nose can be broken for landing lamps, or its place taken 
by a detachable nose fuel tank without affecting the 
strength or stiffness. Wing engines can be attached to 
a rigid bulkhead formed by the front face of the box 
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A good example ot the single-spar wing (above). 
of the Spitfire leave the leading portion uncut. On the right 
is the front part of the outer wing of the Flamingo. 


The wing of the Hampden is also 
of single-spar type, but has a 
girder spar. The false front spar 
serves mainly as a support for the 
leading-edge unit. 


spar, and aileron and flap hinges are carried on short 
ribs from a relatively stiff rear spar. 

Openings may be made locally between the spars, 
especially near the root, without greatly reducing the 
strength and stiffness, as the two spars can take the tor- 
sion in differential bending. The front and rear walls 
of the box, in the case of the two-spar type, are at 
about 15 per cent. and 65 per cent. of the wing chord ; 
in the true box type they are much closer together. Thus 
in the latter the stress-bearing part of the structure is 
more concentrated and it is not so easy to make open- 
ings. 

This type of wing is slightly more difficult to build 
than the single-spar type, as the use of two main spars 
necessitates a wing remaining longer in an erection jig 
Its other advantages, however, make this a relatively 
unimportant point, as the simpler type of rear portion 
of the wing is easier to fit. 

Machines using this type of wing are the Blenheim, 
Skua, Whitley, Short G Class and Heinkel Ill. 

The Blenheim wing is of the two-spar type; it is in- 
teresting in view of the fact that the spar flanges are of 
steel. The efficiency of this type of wing is shown by 
the very low structure weight of the machine. 

The Skua wing is also of the two-spar type and is 
a good example of how openings can be made between 
spars to take wheels, etc. 

In the Whitley wing we have a true box type, with 


The wheels 












3 The single-spar wing 
/ of the Heinkel 112 
(below) is bad design 
because the under- 
carriage cuts into the 
leading-edge shell 





heavily reintorced top and bottom skins made ot corru- 
gated sheet. The nosing and trailing edges are added 
to this, and all loads are taken by the box unit. The 
Short G and Empire Class boats have a similar type 
of wing, but the spar units are of the girder type, with 
extruded T-section flanges. This type of wing does not 
easily permit of making openings in the spar portion, 
and all equipment has to be stowed fore or aft of it, 
except tanks, which can be specially designed to nt 
inside it. 
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The Heinkel lll has a two-spar wing, 
and even on the outer wing a detachable 
panel is provided to enable the fuel tank to be 
installed 


The Multi-spar Wing 

This type of wing does not seem to be finding much 
favour nowadays, probably because it does not lend 
itself to easy production. Theoretically, the multi-spar 
wing should give the lightest possible structure, as all 
the skin covering is used to the best advantage. Open- 
ings, however, are difficult to make, as the spar mem- 
bers cannot be broken easily, and fuselage or wing 
joints are heavy and complicated except in special cases. 
When all these matters have been taken into account 
the weight of a multi-spar wing comes out about the 
same as any other efficient type. In a few cases, when 
the wing is unbroken and effective connection can be 
made to the centre section, this wing may be justified. 

Present wings of this type are the Henley, Lockheed 
and Northrop. The Henley has a 4-spar outer wing. 
As this has no openings the wing is efficient and the 
use of narrow sheets makes the production problem 
fairly easy. 

The Lockheed and Northrop are multi-spar types 
using strip material for covering. On the Northrop the 
outer wing skin is connected to the centre section by a 
large number of bolts. 


Fuselages 

Fuselages cannot be grouped so easily as wings. 
First, they are usually more akin to one another in 
general construction, and, secondly, they vary in shape 
and duties so enormously that even the same methods 
of construction seem vastly different when applied to 
two different machines. 
_ An attempt will be made, however, to divide them 
into two groups. The first group is that of the ‘‘ mono- 


The Blenheim wing is of the 

two-spar type and is interesting 

because steel strip is used to 

reinforce the corners of the 
Spar flanges. 


(Below) ‘‘ The Skua wing is a 
good example of how openings 
can be made between spars to 
take wheels, etc.’’ 











Of true box type is the wing of the Whitley, although the 
fundamental structure has had to be stabilised by bracing 
members 


coque'’ type, in which the skin covering, reinforced 
by stringers and rings, takes all the load. The second 
group is the ‘‘ semi-monocoque,”’ in which longerons are 
used to carry some of the loads. 

Generally, the first type is used where there are few 
or no openings in the fuselage, and where consequently 
the distribution of stress is more uniform. 

Another point of difference in fuselage design is the 
manner in which the stringers and rings are used to 
stiffen the skin. In one type the stringers are con- 
tinuous, and the rings are notched to receive them ; both 
stringers and rings are riveted to the skin. A second 
type is that in which the stringers are again continuous 
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in the Short Empire boats the wing spars are ot girder tormation and have light-alloy flanges of extruded T section. The trailing 
portion is of light girder construction. 


but the rings, instead of being notched, are riveted to 
the stringers only and not connected to the skin. A 
third type, used chiefly in flying boat hulls and large 
cabin machines, is that in which the stringers are discon- 
tinuous and are connected to the frames by star or 
gusset plates. This gives a very strong and rigid con- 
struction but is not so easy a production job. The 
second method is probably simplest and cheapest, but 
the extra stiffness gained by the first method makes it 
well worth using. 

Openings in fuselages are usually reinforced by drawn 
channels or extruded sections, the extruded sections 
being used for the edges of long bomb doors, etc., and 
the drawn sections for reinforcing windows and other 
smaller openings. 

Stiff rings, or even solid bulkheads, are used where 
wing spars are picked up, and it is in this portion of the 
fuselage that most of the serious problems are found. A 
discussion of those, however, would require a separate 
article. 

In recent fuselage design there seems to be a tendency 
to use extruded section stringers rather than those made 
from rolled strip. In most cases this is an unnecessary 
refinement, as a rolled or drawn stringer can be designed 
to have as good properties as those of an extrusion of the 
same weight. 


““Monocoque”’ Fuselages 


Rear fuselages of this type are those of the Blenheim, 
Hampden and Whitley. 

In the Blenheim the rings are of Z section and the 
stringers continuous, the rings being cut away for the 
stringers. 

In the Hampden the rings are also of Z section and 
the stringers continuous, but an important feature is 
that the two sides of the fuselage are built separately 
and joined together by an extruded strip top and 
bottom. 





The Whitley has continuous stringers, but the rings 
(of top hat section) are riveted to the stringers only. 


Semi-monocoque 

This type of construction is used in the Spitfire, 
where longerons are carried well aft, stringers and rings 
being also included. The use of the longeron members 
facilitates the joining of the rear and centre fuselages, 
as the longeron members are more capable of taking 
concentrated loads than is a pure monocoque. 

The third form of construction is usually a combina- 
tion of both these types. It is used in flying boat hulls, 
where high water pressures occur, or in large cabin 
machines where the flat sides of the cabin must be more 
effectively stabilised than the more curved sides of a 
rear fuselage. Examples of this type are the Shori 
boat hulls and the Ensign centre fuselage. 


STANDARDISATION 


One point which arises from a consideration of these 
various types of wing and fuselage is whether the time 
has now been reached for a measure of standardisation 
to be introduced into the construction of aircraft. On 
the surface it seems a pity that the R.A.F., and also 
sub-contractors, should have to get used to numerous 
systems of construction, many of which differ in im- 
portant aspects. 

On the fuselage side, as already noted, there is a tend- 
ency in this country for the design to become stabilised 
on general lines, such as the use of continuous stringers, 
Z-section rings, etc., but types of stringers and similar 
details vary from firm to firm. The types of reinforc- 
ing round openings also vary tremendously, and it is 
felt that here at least some standard form could be 
arrived at. No general design of fuselage could be 
developed, however, as the shape and size of openings, 
wing position, etc., vary tremendously with each 
machine. But if a ‘‘ code of practice ’’ were developed 











The Henley (left) and Northrop (right) wings are examples of multi-spar 
construction. This form does not lend itself readily to installation of 
loads and equipment in the wing. 
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Ring and multi-stringer construction of the Blenheim. Inset 
shows how stringers are notched into frames 


and used, it should prove very helpful to both R.A.F. 
maintenance units and airline operators, as repairs to 
various kinds of aircraft would be brought into line. 
The use of one or two types of stringer would also sim- 
plify the stores problem. 

Wings present, at one and the same time, both a 
larger and a smaller problem in this respect than fuse- 
lages. The shape is more nearly the same, but there 
are many more systems of construction in use, all giv- 
ing good results on a weight-and-strength basis. This 
wider field, however, means that there is all the more 
reason for tackling the problem. 

In single-engined aircraft so much fuel and equip- 
ment has to be carried in the wings that no standard 
wing can yet be expected. Each type of load requires 
a different wing arrangement. 

In multi-engined aircraft, however, the outer wings 
are usually free of equipment, and here some measure 
of standardisation could be reached. The box or two- 
spar wing would seem to be a good basis to start from, 
as the spar positions can be altered to suit engine in- 
stallations, etc., without affecting the general scheme of 
construction. The central portion of the wing, carry- 
ing engines, fuel and other load, could also be made 
of two-spar construction; the joint between the two 
portions would then be easy. 

Without limiting the individual designer in any way, 
it should be possible to produce a “‘ basic ’’ wing which 
could be scaled up or down to suit the various air- 
craft. The types of spar, wing covering, etc., would 
be standard, but gauges and sizes would be varied to 
the best advantage by the firm building the particular 
machine. 

If this somewhat ideal position cannot be reached, 
then some immediate steps should be taken to reduce 
the variety of extruded and rolled sections used at the 
present time. Many have been used because they 
happened to be best for one particular machine, and 
new types have been used on later designs. 

Stressed-skin construction is now sufficiently universal 
for the various firms of manufacturers and alloy sup- 








The Hampden fuselage rear portion is semi-monocoque. It is 
of interest, too, because it is built in two halves. 


pliers to get together and produce a range of standard 
sections, in the same way as in general engineering a 
set of standard rolled-steel sections was produced years 
ago by the B.S.I. 

These sections could be of three types, angles, tees 
and channel or =z sections. The areas and dimensions 
would be worked out to give even steps of increase in 
size and weight, so that machining would be reduced to 
a minimum. Provided it were known at the com- 
mencement of a design that such sections had to be 
used, no measurable weight increase should occur over 
the best structure designed at the present time. 

Rolled sections for stringers and rings could also be 
limited, say, to angles, Z, and top hat sections, varied 
in size to suit various machines but nevertheless being 
part of a standard range. 

The advantages to be gained from this policy would 
be numerous ; supplies would be speeded up, as rolling 
mills and presses would not be broken down so often 
and stock problems would be simplified. New designs 
could utilise to a greater degree parts used on an 
earlier machine, thus cutting down D.O. labour and 
works’ storage space, and, finally, R.A.F. Stores Depots 
could hold lower stocks of repair sections. 





Fuselage of the Whitley, at the junction with the wing. 

Farther aft there are no bracing members, and the longerons 

taper off. The skin is not attached to the frames but only 
to the stringers. 











Semi-monocoque construction is employed in the fuselage 
of the Spitfire. 


The use of standard sections has never held back the 
design of bridges or buildings, and I can see no reason 
why it should not be the same with aircraft. 

Lastly, the number of specifications for light alloy 
sheet and extrusions is unnecessarily large. In each 
class of material, three general specifications should 
apply, viz., 

(1) A low-grade material, cheap, easy to work and 
easy to obtain. 

(2) A medium-grade material, still easy to obtain 
and work. 

(3) A high-grade material, to be used only on im- 
portant members, where high strength is of 
primary importance. 


Amphibian for Coastal Patrols 


Now undergoing tests at U.S. Naval Air Station, Anacostia 
D.C., is the Consolidated Model 28 flying boat in its 
amphibian version. The company’s designation is Model 
25-5A, while the Navy number is XPBY-5A. 

The tricycle undercarriage is fully retractable, the main 
wheels going into the sides of the hull and bow wheel into a 
completely enclosed hatch in the planing bottom. Automatic 
means are provided to eject all water in this hatch before the 
plane is in the air 

This boat, now that it is an amphibian, should make a 
magnificent unit for coastal patrol work. It has a great 
advantage over a flying boat for such work in that it can be 
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The stringers in the hull of the Short boats are closely spaced, 
and are interrupted at the frames, which are uncut 


Most existing specifications could be regrouped to 
fall into these classes, and the separate manufacturers 
would not be affected as the materia! could still be 
known by its trade name, with an additional note that 
it complied with one of the standard specifications 

These last few paragraphs are put forward as a sug- 
gestion for improving the present design of aircraft 
from the production and repair point of view. In 
most cases the advantages gained by the use of standard 
sections and materials should far outweigh the slight 
design limitations imposed. 

After all, the use of standard sizes of tubes did not 
in any Way interfere with the design of highly efficient 
girder-type fuselages in past years. 


serviced at much less elaborate bases. All that an amphibian 
needs for a base is a ramp; it can climb and descend it under 
its own power. Patrol work on the very long coastlines of 
Canada and Australia could be done most efficiently with sucl 
equipment 


Back to England 
Me: J. H. LOWER, who has been works manager at the 
Short 


and Harland factory in Belfast for some three years 
will shortly be returning to England, where he will be in charge 
of another Short factory. In Ireland Mr. Lower found time to 
form a Belfast branch of the R.Ae.S. He has been associated 
with Short Brothers since 1924 





WITH ITS WHEELS DOWN : The Consolidated Model 28 as an amphibian 
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Some Considerations of Possible 


Trends : Btological Treatment of 


Technical Subject 
By J. D. NORTH, F.R.Ae.S. 


When the Editor asked me to write a note on the possible 
future tre nds of structural design I reflected that there is 
only one way to be a successful prophet. The secret is to 
be found in the ‘‘ Bigelow Papers 

“My grand ther’ s rule was safer’'n ‘to crow 
Don't never prophesy—onless ye know.”’ 

The trouble in this case is that I don’t know, and if 1 
were to follow Lowell’s advice I should decline the Editor's 
invitation. Still, it would not be true to go further and say 
“I have no idea.”’ I have an idea and this, for what it is 
worth, is it. 

BELIEVE that it is impossible to discuss the evolu- 
tion of aeroplane structures as a detached and 
isolated problem. An aeroplane is a mechanical 

extension of man, and the complete organism which is 
subject to evolutionary dif- 
ferentiation is the man so 
extended mechanically—the 
man flying. In the taxonomy 
of civilised man we may con- 
veniently class the species 
Homo sapiens as a genus 


Future 


In this article Mr. J. D. North approaches the subject 
of aircraft structural design from a somewhal unusual 
angle. His biological treatment is refreshing and, some- 
what surprisingly, remarkably apl. 

As chief engineer and designer to Boulton Paul 
Aircraft, Ltd., Mr. North is, of course, thoroughly up to 
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which have their origin in his training. The metabolism 
of H. volans depends on delicate organs, and he, some- 
thing of a valetudinarian, continually checks his pres- 
sures and temperatures by instruments provided for the 
purpose. H. volans is differentiated by his functions. 
His military variety is provided with means for damag- 
ing his enemy and protecting himself ; his civil variety 
is designed to accommodate internal parasites who, in 
return for the satisfaction of their desires for transporta- 
tion, contribute to his subsistence—a reciprocally satis- 
factory symbiosis. 

The physiology and psychology of H. volans are out- 
side the scope of our Gacussion and we may analyse 
his morphology thus: - 


The intact organism 
organs (Components) 
details 
processed material 

| raw material 


thus: Homosapiens, and the : date. He has been actively engaged on aircraft design —-- 


man flying as the species 
Homosapiens volans. 

The aeroplane in its shed is 
is an inert corpse ; in the air, 
with its pilot at the controls, 
it becomes a living organism. 
Its morphology reflects not 
only its environment but also 
the morphology of man. From this latter is deter- 
mined the scale, a fundamental characteristic. Its 
directive organs reflect the physiology of man; they 
are exte nsions of, and morphologically limited by, 
man’s muscular Power. For translation in the medium 
of the air, man’s power is insufficient, and the motor- 
propulsive organs provide for a new metabolism by 
which the stored energy of millions of years of irradia- 
tion is released. Man’s sensorial faculties are extended 
by instruments by which the brain of H. volans is aware 
of his position and orientation relative to the earth, and 
his motion relative to the air; his auditory faculties are 
extended by radio, and his reflexes assisted by gyro- 
scopes ; but the complete organism is subject to the con- 
trolling brain of its human occupant, and its behaviour 
is the reflection of his conscious intentions, his subcon- 
scious impulses and those specially conditioned reflexes 


staleness—far from it. 


White company. 








Fig. 2. 


since about 1913, so that he has followed the evolution of 
the aeroplane almost from its earliest days. Moreover, 
as this article shows, and as the Defiant demonstrates, his : ; ~ _ w he 
long association with aircraft design has not resulted in : — = of the ord, the 
His outlook is as fresh as il 
was in those early days when he joined the Grahame- 


In the conventional engineer- 


motor-propulsive organs are 
excluded from the ‘struc 
ture,"’ and we are to discuss 
the remaining organs, re 
membering that they cannot 
be considered as independent variables. These remain- 
ing organs may be conveniently classified as: - 

(a) organs of sustentation, i.e., the wings. 

(b) the body. 

(c) stabilising and directive organs, e.g., tail, fin, 

rudder, etc. 

The wings should function as lifting organs with as 
low an expenditure of power as is compatible with other 
necessary qualities. They must be capable of sustain- 
ing flight over the desired speed range, the upper limit 
of which is determined by operational requirements (in- 
fluence of ‘‘ environment’’ from an evolutionary stand- 
point), the lower limit being partly determined by the 
physiology of the extended man (ability to land and 
take off specified conditions at as high a speed 
possible), and partly by “‘ environment ’’ (size and con 
dition of aerodromes—external aids, etc.). The opera- 
tional requirements must, of course, be limited by the 
physiology of the intact organism, notably the effective 
power/weight ratio of the motor-propulsive organs 
These factors have had a profound influence on struc- 
ture. Over the period of the evolution of H. volans 
they have raised the wing loading from 2-3 to 30-40 Ib. 
per sq. foot. They have so affected a economy of lift- 


span 


making as to alter the value of Ww 2 (the induced drag 


criterion) from 1 to 1/5, and the relative importance of 
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Fig. 3. 


weight to head resistance from perhaps 4:I to 100:T. 
They have brought rigidity into the front rank with 
strength, and brought H. volans from his technologic- 
ally comfortable habitat in a virtually incompressible 
fluid to the threshold of the velocity of sound in air. 
They have rendered necessary, first, a smooth and con- 
tinuously curved form for the structure, with the corre- 
sponding necessity for containing within that form 
many subsidiary organs and parts formerly external to 
the wings and body, notwithstanding the fact that 
some of them, like the undercarriage, must be tem- 
porarily capable of extension outside the form, and that 
others, like bombs, must be capable of being discharged 
in flight. Finally, and as the result of this, they have re- 
quired the lowest possible area of ‘‘ wetted surface 
consistent with other requirements. In short, they 
have brought about the aeroplane of the form we know 
to-day typified in Fig. 1. 


Stabilised Form 

We appear to be passing through a phase of stabilised 
form, so that few marked variations from this form are 
to be seen or, so far as I know, to be expected in the 
near future, except such variations as “‘ high wing”’ as 
distinct from the more general *‘ low wing ”’ illustrated, 
which do not seriously affect this discussion. 

It may be taken as a matter of observation that the 
wing organ has a section typified in Fig. 2, and that it 
is subjected along its span to forces and couples which 
may be conventionally indicated as in the same figure. 
The forces are not necessarily of the sign indicated by 
the figure, and vary very greatly along the span from 
the plane of symmetry to the tip. A _ hollow shell, 
represented by the thick line, is, in principle, capable 
of resisting these forces and couples, but such a struc- 
ture is not practicable to-day. With the current inten- 
sities of loading, and the materials and processes avail- 
able, it is difficult to realise in such a shell (1) stability 
of the shell, (2) effective graduation of quantity of 
material along the span, (3) access to the interior. 
Other types of structure are indicated in Fig. 3. 

The function of the shell is to provide the smooth 
form required, and to resist the forces and couples im- 
posed by the air pressure. In 3 (a) the shell is helped 
to resist bending and shear arising from forces along 
the y-y axis by the introduction of a single spar. In 
3 (b) it is similarly assisted by two spars ; there is addi- 
tional resistance to the couples from differential bend- 
ing. In 3 (c) the couples are restrained by the boxes 
formed at (d) and (e), permitting the temporary re- 
moval of the lower shell plating between the spar 
flanges, as indicated by the dotted line. The spars 
fulfil the further function of stabilising the shell in 
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some degree, and the spar flanges are in their turn 
stabilised by the shell and web systems ; for this reason 
their efficiency in compression may be as high as the 
properties of their material will permit. The cross- 
sectional area of the flanges may be more conveniently 
varied along the span than that of the shell, which is 
frequently limited by other considerations. The 
arrangements 3 (b) and 3 (c) are both commonly found 
together in the lifting organs of aeroplanes, and | 
believe they represent the arrangement which to-day is 
generally found most convenient. Many other arrange- 
ments are possible, but I know of no evidence that they 
offer outstanding and general advantages. If they did, 
it would be reasonable to expect a marked trend in 
some.other direction than the arrangement described. 
The structure of the wing requires to be able to resist 
the air forces without such deformation as would cause 
damage, e.g., plastic deformation not exceeding the 
order of 1/1,000 under the greatest forces likely to be 
met with in flight. There must also be a considerable 
reserve of strength during the phase of plastic deforma- 
tion, at least 334 per cent. in excess of probable flight 
loads. 


Concentration of Material 


The wing structure must also have adequate rigidity, 
notably in torsion, and for this reason a high polar 
moment of inertia is desirable. Since the external form 
is limited by aerodynamic considerations, the highest pos- 
sible effective concentration of material at the form 
boundary is desirable. The shell is subject to air pres- 
sures, the resultants of which are included in the forces 
and couples illustrated. The shell may require stiffen- 
ing to avoid distortion under these forces (e.g., ‘‘ oval- 
ling ’’) and to resist waving under shear or compression 
with consequent loss of rigidity (e.g., reduction of 
apparent elastic modulus) and instability. 

By the use of a secondary system of ribs and stringers 
the necessary shell support may be obtained. This will 
be most effective when the loss of rigidity in compression 
is just sufficient so to adjust the stress distribution 
between spar flange and shell that each will contribute 
the apparent stresses which they are capable of bearing 
With such an arrangement, the shear rigidity may be 
raised some 50 per cent. higher than with a tension 
diagonal system, the ribs fulfilling the function of 
stretcher bars between the spars, supports for the 
stringers (as laterally loaded struts) and diaphragms to 
maintain the form. Many devices for local stabilisation 
by fixation, or virtual fixation, are available ; one only 
can be mentioned. The pressures on the shell (particu- 
larly the curved portion) serve to stabilise it. The 
external pressures are determined by aerodynamic con- 
siderations, but the internal pressure may, in favourable 
circumstances, be controlled by seals and appropriately 
placed apertures, and even by “‘ artificial ’’ inflation 

For convenience the wing must usually be made to 
take to pieces, or even fold. Considered solely as a fly- 
ing organ, the characteristics which have no value in 
flight could be abandoned with advantage. The adverse 
part played by joints in structural economy is often 
underestimated. 

Important changes in the wing structure described 
appear to me likely to arise only from external causes. 
span 2 

w ’ 
creased wing loading, would follow reduction of import- 
ance of induced drag (e.g., increased power for climb) 
with or without increase in stalling speed or higher maxi- 
mum lift devices. 

This increase in loading may be accompanied by the 
necessity for greater strength. For example, raising the 


Permissible reduction of with or without in- 
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BRISTOL TYPES 
THROUGH 30 YEARS 





The first Bristol aeroplane was the Box 


Kite, with 50 h.p. Gnome 


engine. 1910 


The Military Binlane was a development 


of the Box Kite. Note 
extensions. 


The monoplane designed by 
for the Military Trials. No 
undercarriage 





=> gene 1911 





> g-wheel 1912 


In 1913 this type of Bristol biplane was 
known as a ‘“‘ Racer.”’ 1 91 3 











1915 


1916 


1916 
1917 
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The Scout, type D, was probably the 
fastest aeroplane at the outbreak of 
the last war 




























A side-by-side two-seater version of 
the Bristol Scout 
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A change to water-cooled engines, and 
a twin-engine arrangement (the first) 
was the type T.T.A. 







The first monoplane fighter. Note the 
large spinner over the rotary engine. 


Below is the famous Bristol Fighter, 
later nicknamed the ‘‘ Brisfit.’’ 
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BRISTOL TYPES 


(CONTINUED) 
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The Braemar Bomber was a triplane 
with 4 Puma engines. 


Unorthodox was the 1922 Racer. The 


1922 undercarriage retracted into the fuse- 


lage 






The Bristol Pullman was a civil version 
of the Braemar. 











The Bullfinch was convertible into a 


1923 biplane, and from _ single-seater into 


two-seater. 













The ‘‘ Babe ’’ was a diminutive biplane 
with A.B.C. engine (radial). 1 920 


The Brandon biplane was probably the 
first British military ambulance aeroplane 


The three-seater Tourer was a develop- 
ment of the ‘‘ Brisfit.’’ 


The school machine of 1921 (below) 
was fitted with the 3-cyl. Lucifer 
engine 







92 The Brownie, with Cherub engine, was 
Pods} 1 A built for the light plane trials at Lympne 
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> | BRISTOL TYPES 


(CONTINUED) 


The Bagshot had wings of multi-spar 
meta) construction 


The The Boarhound was ot all-meta! con- 
fuse- struction and had a Jupiter engine 1 924 


The Bulldog was for years the standard 
single-seater fighter of the R.A.F 


Type 84, the Bloodhound, was a high- 
performance two-seater. 1 925 





Type 110 was a commercial 
biplane with comfortable cabin 





The Berkeley was a two-seater bomber 
with R.-R. Condor engine. 1 926 













Type 118 was a General-Purpose 
machine suitable for many duties 


The Type 120 (below), with Pegasus 
engine, had the first Bristol gun turret. 





The Badminton was a racer fitted with 


an early Mercury engine in a helmeted 
cowling. 1 926 
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BRISTOL TYPES 


(CONTINUED) 


The Type 138 A established two world’s 


: 1936 records, first of 49,967{t. and then of 


53,937!t 


= 


The series number of this single-seater 
fighter was 123. 


The standard Blenheim is also known as 
1 937 the ‘‘ Short-nosed ’’ Blenheim. 


5 te 
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The Type 133 single-seater fighter was 
of stressed-skin construction. 


The Type 148 was an Army co-operation 
monoplane. 


The Bristol Bombay, Type 130, is now 
in production as a bomber transport. 1934 


The Blenheim Mark IV is affectionately 
known as the ‘‘ Long-nosed ’’ Blenheim 


The Beaufort can be used for bombing, 
reconnaissance and torpedo work. 







The Type 142 civil monoplane, Britain 


First, led to the production of the 1935 


Blenheim. 
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POWER- 
OPERATED 
GUN 
TURRETS 


A Review of Their 

Development by One 

Who Has Played a 
Leading Part 


By A. FRAZER-NASH, 
M.I.A.E., A.M.I.Mech.E. 


JEWING the aircraft in service 
to-day, and more particularly 
the long-range bombers brist- 

ling with mechanically operated gun mountings, it seems 
almost incredible that when the designs of the modern 
gun turret were submitted to the British Government 
in 1932 it was not considered that there was any serious 
necessity for anything better than the old wartime ring 
mounting carrying a single free gun. 

During the last few years the speeds at which aerial 
engagements are fought have risen to such an extent 
that it has become quite impossible to lay and manceuvre 
guns by hand, except in very limited fields of fire. 
Further, it is essential with these higher speeds to pro- 
tect the gunner from the air stream, and if a cupola is 
provided to do this, it must be so shaped that it imposes 


Demon. 
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“ Flight” 












The first Nash and Thompson power-driven guh turret was installed in a Hawker 


The gunner’s shield was of ‘‘ lobster shell ’’ construction. 


the lowest possible drag on the aircraft. Unfortunately, 
cupola shapes which have this low-drag characteristic 
usually need a high torque to turn them into positions 
for beam firing, and the combination of this torque and 
the torque due to the air drag on the guns themselves 
may amount to several hundred Ib. /ft. With the multi- 
plication of armament or the use of larger guns, the 
forces are correspondingly greater still. 

This problem was becoming apparent in 1931, 
the Hawker “‘ Hart’ 


when 
’ type of machine was already show 


ing that something better than a hand-mounting, with 
unprotected gunner, was necessary. As the heavy 


bombers were still incapable of speeds much in excess 
of 100 m.p.h., the only machine appearing 
to need serious alteration to its armament was 
the two-seater fighter. The speed of this type 
of aircraft had reached a point where the reat 
gunner was experiencing difficulty in laying 
his gun accurately, particularly when on the 
beam shot. There was also difficulty being 
experienced in that sudden acceleration duc 
to aerobatics was liable to cause the gunner to 
injure himself unless he 
at all attitudes of firing. 
1 therefore started the development of 
power-operated gun turrets for this type of 
aircraft. An early decision that had to b 
made was the type of motive power to be 
used. The requirements were that the control 
should be accurate and sensitive. and require 
a minimum of effort to operate ; the apparatus 
had to be light in weight and have a conside1 
able reserve of power It also had to be 
capable of instantaneous, smooth and con 
tinuous speed, and of variation from full 
speed in one direction to full speed in the 
other; also, for any speed control setting, 
maintain more or less constant speed undet 
great variations (or even. reversals) of 
mechanical load. Controls had also to be de 
vised which would allow smooth and simul 
taneous but independent movements in both 
the vertical and _ horizontal direction 


could remain seated 


The next stage in the development of the Nash 

and Thompson power-driven gun turret can be 

seen in this picture of the tail of a Handley 
Page Harrow. 


photograph c 























The modern Nash and Thompson power-driven turret with 
four Browning guns in the tail of a Short Sunderland flying 
boat. 


Although pneumatic or mechanical operation were pos- 
sible alternatives, the two practicable types of drive were 
electrical and hydraulic, or some combination of the two. 
After examination of the requirements, it appeared that 
the hydraulic system was superior in the above respects 
and, in fact, had fundamental advantages as a con- 
trolled power transmission in many ways that had, per- 
haps, never been quite clearly formulated. Despite the 
fact that the technique of the hydraulic system of opera- 
tion in any light and quickly moving form was rela- 
tively undeveloped, and its application involved much 
more detailed work than would have been needed to 
produce an electrically operated system, I chose the 
hydraulic system, since I believed that by its use alone 
could the best possible performance be secured. Results 
have more than justified this choice, and now hydraulic 
control is generally accepted as being essential to accu- 
rate gun laying. 

For the powered 
turret to be effective 
and to have as good a 
field of fire as the free 
gun mounting a 
mechanism had to be 
provided capable of 
giving full rotation to 
the turret, coupled 
with full elevation and 
with depression on the 
beam down to vertical 
or thereabouts. Fur- 
ther, since the sights 
available were 
mounted on the gun 
itself, it was necessary 
to provide the gunner 






{Instruction in the 
mechanism and oper- 
ation of a _ power- 
driven gun turret. 
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with a seat which would move in relation to the gun 
in such a manner that he could keep his eye always on 
the sight. 

To reproduce the field of fire theoretically obtainable 
with a hand-operated gun it was also necessary that the 
gun could be powered to pivot, independently of the 
main rotation, to provide a shot under the tail or as near 
to it as could be obtained. 


Secondary Difficulties 


To add to the problem, stowage had to be provided 
for the gunner’s parachute within the turret, in addition 
to accommodation for the usual electrical services, such 
as telephones, gun and clothing heating, oxygen, etc., 
and all this in a turret, the maximum width of which 
could not exceed 27in. owing to the limiting width of the 
fuselage of the Hawker Demon aircraft in which it had 
to be fitted. 

In this installation there was insufficient room to pro- 
vide a fixed cupola which would clear in all positions of 
rotation, but by ‘‘ squeezing a quart into a pint pot”’ it 
was found possible to meet these requirements, and late 
in 1932 the drawings of the solution were handed to the 
Air Ministry, who may well be forgiven for viewing the 
matter in a somewhat sceptical light. However, a model 
was produced, and I and my partner, Capt. Grattan 
Thompson, took it down to Eastchurch. 

Here I should like to place on record that the encour- 
agement we received from the Armament Training 
Officers, particularly Group Captain (now Air Vice- 
Marshal) Tedder, and Squadron Leader (now Group 
Captain) ‘‘ Dizzy’’ Davis, stiffened our intention to go 
ahead, and in March, 1933, we produced a full-sized 
working mock-up of the suitable turret for the Hawker 
Demon. 

This mock-up was followed by the flying unit, which, 
in fact, incorporated all the essential operating features 
of turrets used to-day. The system of control, which 
has been very little altered in our latest designs, is stil! 
on the Secret List, and, therefore, cannot be described 
here. 

The recent successes of our long-range bombers, how- 
ever, even when attacked by very superior numbers of 
enemy fighters, is ample proof of the success of the 
turrets and is a justification of the work that their pro- 
duction involved. 
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ON PATROL Hi 


The Work of the Coastal 
Command Benefits 
Neutral No Less Than 


Allied Shipping 


A welcome break during this cold weather. The crew of a 
Short Sunderland flying boat enjoy a hot meal, cooked on 
board. 


At Coastal Command group headquarters. Air Vice-Marshal 
R. G. Parry, D.S.O., in the wireless room (right). 


An aircraft of the Coastal Command on patrol (below) flies 
over a Dutch vessel, ready to warn it of mines in its path. 
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On look-out in a Short Sunderland. The gun positions serve 
also when photographs are being taken. 


, 














(Above) Sending up a barrage balloon 
from its floating base in the Thames 
Estuary. 


(Right) Preparing to inflate a barrage 
balloon on the quayside preparatory 
to mooring it to a barge. 


Betore a barrage balloon is attached 

to its floating base it is filled with 

hydrogen from steel bottles. The 

picture below shows a balloon nearly 
full. 
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* TOUGH” 


The Work of the “ Balloon 
Navy” is No Sinecure 
Here are Some Pictures 
Secured “‘ Somewhere in the 
Thames Estuary” 





Balloon crews enjoying their rest on board a depot ship 

after a spell of duty on board the barges. One may imagine 

how the rest and comfort are appreciated after arduous 
duties in winter weather. 


Inspection of balloon barrage crews (left) by Air Vice-Marsha! 

Boyd. Behind him is Air Commodore Guilfoyle. Life belts 

and oilskins are frequently indispensable, as even the Thames 
Estuary can be very rough at times 
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REMOTELY CONTROLLED GUNS 


Schemes by British 


Manufacturers 


yy 
A 
T« remote operation . ae ~~», 

of gun _ mountings Pp 

which will be desir- 
able if military aircraft con- 
tinue to develop along 
present lines is a subject on ee 


























=* vee se cat 

which little has _ hitherto Be re ‘ 
been published. F [" 4 

A great deal of information | } 
is contained in three patents, =" by j 
particulars of which have re- H a a1 
cently been released. Each aH " Sai 
comes from a_ different i ER AX? 
British manufacturer, and it Pag | TI) 
is noteworthy that the initial 7 <e 
applications for patents were % 
made in 1935 or 1936. ‘ 
Though all have the same Fig. 1. Layout of the Fairey mechanically coupled turrets. 


general objectives, particular 

aspects are emphasised in 

each instance. Fairey Aviation Co., Ltd., and E. Voss, 
Patent No. 515991, claim that remote control permits the 
adoption on the aircraft of the best sighting position for 
the gunner, the best firing position for the guns, and the 
most adequately protected position for the driving 
mechanism. A larger field of fire and greater concentra- 
tion are the outstanding features of Patent No. 515992, 
Boulton Paul Aircraft, Ltd., and J. D. North, in which 
the guns are mounted in members projecting from the 
aircraft body. The third patent, No. 515993, Blackburn 
Aircraft, Ltd., G. Petty, and A. E. Mills, attaches im- 
portance to the reduction in the size of the turrets, the 
more accessible location of the gunner, and the fact that 
this member of the crew can conveniently combine his 
duties with that of the navigator, observer, or radio 
operator. 

Guns and sights are mechanically coupled in the Fairey 
and Boulton Paul designs, but the Blackburn scheme 
employs an_ electrically controlled interconnection 
system. Although guns and sights move in unison, it is 


understood, of course, that arrangements are provided to 
permit the usual corrections of the line of fire in relation 
to the visual sight line to allow for changes of range, wind 
and other factors. Boulton Paul also arrange for their 
outrigged guns to fire parallel to the line of sight or for 
the gun angle to be adjusted in order to concentrate the 
fire on the target. 


The Fairey Scheme 

The layout of the Fairey installation is shown in Fig. 1 
while the sighting turret is illustrated in more detail in 
Fig. 2. Four guns are mounted in turret A, which is 
rotatable in a horizontal plane by means of a pinion B 
meshing with an external ring gear C. Elevation of the 
guns in a vertical plane is effected by a worm D meshing 
with the worm quadrant E secured to the gun table. A 
similar pinion and ring gear rotates the sighting turret, 
while the sights are actuated from the driving gear by a 
mechanical linkage. The gunner is provided with an 
adjustable seat and a head rest F for convenience when 
viewing the target through the mirror 

G of the reflecting sights. 
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Both traversing and_ elevating 

. movements of both the turrets are 
¢ effected by a single remotely located 
power unit H, which may conveni- 

WA ently, but not necessarily, be an elec 

' tric motor. For each movement the 

=>" drive is through an infinitely variable 
and reversible gear box J, which 
incidentally, forms the subject of a 
further patent application No. 
26553/35- These boxes are hydraulic- 
ally controlled trom the right-hand 
grip K in the sighting turret. Cen 
trally this grip is spherically mounted 
to permit a limited rocking movement 
in all planes. From the operative 
position rocking the grip to the left 
or right actuates two small hydraulic 
bellows mounted above the grip to 
control the direction, speed and 





Fig. 2. The Fairey sighting turret 
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GUNS (CONTINUED) 








extent of the traversing movement. Rocking the grip fore 
and aft in a similar manner, through two small hydraulic 
bellows mounted below the grip, controls the direction, 
speed, and extent of the elevating movement. By virtue 
of the universal mounting of the control member, both 
movements can be effected either singly or simultaneously, 
while the gear boxes will accelerate or decelerate the move- 
ment in any direction. When pressure on the grip is re- 
lieved, either in one or both directions, it is centralised 
under spring pressure, and one or both movements will 
automatically cease. The left-hand grip is merely a 
dummy. 

From the gear boxes the drive is carried to the turrets 
by shafts provided with universal joints and bevel gear- 
ing. For the traversing movement this is quite straight- 
forward. Obviously, however, special measures have to 
be taken in the case of the elevating movements, or these 
would be effected when the turrets were rotated. Indepen- 
dence is obtained by the use of ingenious differential-type 
converter boxes L on each turret. By means of these 
units, which are described in detail in the specification, 
the turrets can be rotated without affecting the elevation. 
or vice versa, and when the two movements are occurring 
simultaneously the 
controlled speed _ of 
either is not influenced 


i, the other. 

























Fig. 3. The Boulton 
Paul rear gun on 
rotatable outrigger. 

















Fig. 4. Alternative Boulton 
Paul mounting with pivota) 
outrigger 


Boulton Paul “ Outriggers”’ 


The Boulton Paul system is characterised by the mount- 
ing of the gun or guns in special members sufficiently 
remote from the body or structural parts of the aircraft 
to materially increase the field of fire yet controlled by a 
gunner located within the body. In all cases the project- 
ing member, relative to the aircraft body, is capable of 
rotation in one plane, while the gun carrier mounted on 
the end of the member can be rotated in a plane at right 
angles. Both the projecting members and the gun carriers 
are streamlined to reduce air resistance, and, when the 
guns are not being trained on a target, are set in the most 
advantageous attitude relative to the line of flight. 

In view of the difficulty of providing an unobstructed 
field of fire past the tail of the aircraft, the examples given 
in the specification are all confined to the rear end of the 
body, but the invention is not limited in this respect. In 
the various sketches the same reference letters apply to 
corresponding parts. A is the tailplane, B the elevators 
C the fin, D the rudder, E the projecting support member, 
and F the gun carrier. 

A mounting for a single gun or group of guns, showing 
the invention in what is probably its simplest form, is given 
in ‘Fig. 3. The support member is a tube mounted below 
the body in two bearings and capable of rotation through 
360 deg. To the end of this tube is hinged the gun carrier 
which may be moved through an arc of at least 180 deg 
It will be noted that in the elevation the pivotal axis of 
the carrier is horizontal, but in plan view the support tube 
has been turned through go deg. and the pivotal axis is now 
vertical. Thus the gun may be aimed at any target within 
the hemisphere to the rear of the aircraft. Where struc- 
turally possible the arc about the pivot may be extended 
beyond 180 deg. to give the guns an additional field of 
fire forward and downward beneath the aircraft body. In 
this instance the gun is rotatable about two axes from 
a point in fixed relationship to the aircraft body. On all 
other examples the support member itself moves through 

an arc thus changing the position of the gun relative to 
the body and further reducing the structural interference 
to the field of fire 

An alternative single mounting is shown in Fig. 4. 
Here the support member swings in a horizontal plane 
through an arc of more than 180 deg 
from a turntable on the body while the 
carrier is rotatable through 360 deg. in 
the vertical plane from a second turn- 
table on the end of the support. A 
modification of this design (not shown) 
has the support similarly attached to 
a turntable on the body and the gun 
is traversed by rotating this member 
through an arc of more than 180 deg 
Instead of a second turntable, how- 
ever, the gun carrier is hinged for ele- 
vation or depression about a transverse 
horizontal pivot. 

In Fig. 5 is shown a more elaborate 
multi-gun layout applied to a large 
aircraft having twin rudders. The 
body is extended beyond the tailplane 
to furnish a windowed cabin for the 
gunner and has two rigid lateral 
extensions G. To these extensions the 
support members are pivoted on turn 
tables to traverse through 180 deg. in 
the horizontal plane. On the ends of 
the support members pairs of guns are 
rotatable for elevation on other turn- 


Concluded on page a. 







Fig. 5. Multi-gun arrangement for large aircraft. 
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Fig. 6. Blackburn elec- 
trically controlled turret. 





target by the gunner. The 
gun turret is_ rotatable 
about horizontal and verti- 
cal axes by separate servo 
motors regulated by the 
controller gear. Four guns 
are mounted in a spheri- 
cal turret A _ projecting 
above the fuselage. A 
detachable cover B per- 
mits access to the guns for 
inspection or repair. For 
the elevation of the guns 
tables in the manner employed in the mounting shown in _ the turret rotates about an axle C to which is secured a 
Fig. 4. As indicated by the arc H the wide range of fire worm wheel segment adapted to slide in the guide shoe of 
in a vertical plane, about 300 deg., is only limited by the the freely rotatable driving unit D carrying the actuating 
elevators and, presumably, the wings. worm and the electric motor E. 

It will be seen that the guns on both sides of the gunner’s The ends of the axle project beyond the turret shell on 
cabin may be trained on a target on either side of the each side and are mounted in bearings which slide in the 
aircraft, the guns on the remote side firing past the end guide ring F, fixed to the fuselage structure, to permit the 
of the cabin. The lateral extensions G and the support turret to be rotated in the horizontal plane. This move- 
members are of hollow design to accommodate the opera- ment is effected by electric motor G bracketed to a bulk- 
ting mechanism, the firing control leads and, if necessary, head and driving.a worm meshing with a ring gear H 
ammunition belts for feeding the guns. A simple manually- attached to the bearings supporting the axle. Whilst the 
operated mechanical gear for aiming the guns is described turret rotates horizontally, the driving unit D is turned about 
in the specification by way of example, but any known _its vertical axis by the guide shoe and thus its driving worm 
means of control may be employed. is maintained in engagement. 

Curiously, no reference is made to the method of inter- The electric motors are connected by cables to the gun 
connecting the sights, but in the provisional application ner’s turret in which control mechanism of a known type, 
this matter is dealt with as follows: ‘‘Such gunner may not specifically described, is provided. Rotation of the 
be provided with sights mechanically interconnected to  gunner’s seat causes the electric motor G to give a corres- 
the gun casings in such a manner as to ensure that the ponding traversing movement to the gun turret. Reflect- 
sight line and the line of fire of the guns shall be either ing sights are mounted on an arm J pivoting from the 











Z 





parallel or shall converge at a specific range from the gun- seat structure and as this is elevated the electric motor E 
ner, and such degree of convergence may be capable of is controlled to elevate correspondingly the guns. An opera- 
adjustment by the gunner.’’ ting handle K is pivotally connected to the arm carrying 
the sights and on this is mounted the electrical firing control 
The Blackburn Turret for the guns. The gunner and the sights are soaiacted by 

The all-electric Blackburn installation is shown dia- a dome-shaped transparent windscreen. 
grammatically in Fig. 6. In this system the sighting and As well as its application for gun turrets, the use of the 


gun turrets are not mechanically coupled to move in unison system is also claimed for the mounting of other instru- 
but electric control mechanism causes the gun turret to ments such as photographic cameras and particularly cine- 
follow the movements of the sights as these are kept on the matograph cameras. 


New American Base for Clippers Fight for Atlantic Routes 
AMERICAN Export Airlines is entering the lists against 
Pan American Airways for the right to run transatlan- 
tic services. It seeks from the Civil Aeronautics Authority 
‘‘ certificates of convenience and necessity '’ for routes from 
New York to Southampton via Foynes, and New York to 


RELIMINARY steps toward the establishment of La- 
Guardia Field (formerly known as North Beach Air- 
port) as the principal base in U.S.A. for the Pan American 
transatlantic service are being taken by that company, and 
the first outbound departure for Europe might occur some yyarseilles via Biscarosse. Because of hostilities a tem 
time in March. Company offic ials have not yet determined porary certificate is requested for New York to Rome via 
the exact number of employees to be transferred from Balti- Horta, Lisbon and Barcelona. The company states that 
more, which will continue as the alternate base for trans- it intends to use the new Vought-Sikorsky S44 flying boat 
atlantic operation, but a considerable percentage of the Pan American is present at the hearing as “‘ intervenor.’ 
total must be shifted to New York to handle the trans Witnesses presented so far by American Export Airlines, 


a*lantic work as well as the twice a week service to Bermuda. which is associated with the shipping company, American 
Within the next few weeks the company’s employees, in Export Lines, have been Messrs. Coverdale and Slater, 
groups of approximately thirty, will fly to New York to executives of both companies; Dr. Willett, associate pro- 
inspect available accommodation in the vicinity of the air- _ fessor of meteorology at the Massachusetts Institute of Tech- 
port. nology, and Mr. Igor Sikorsky. The hearing is proceeding, 


Several steps must be taken before the first transatlantic and its decision will ae doubt be a far-reaching one on the 
Clipper can be operated out of LaGuardia Field, since the history of transatlantic transport. 
Civil Aeronautics Authority has not yet approved the base 7 
for flying boat operation. Movement is under way to Byrd Antarctic Expedition 
narod ae satiated higer Sg as 8 now go Soe HE ship North Star is being used by Rear Admiral 
etween representatives of the C.A.A. and City officials Richard Byrd on his trip to the South Polar regions 
concerning the laying out of landing areas in Flushing Bay and it carries a Curtiss Condor biplane, powered by two 
and Bowery Bay. Wright Cyclones, for the aerial exploration. 
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GERMAN SUPERCHARGER TESTS 


A Review and Some Explanatory Comments 


By DR. ING. P. F. MARTINUZZI 


HEN the Germans began to rearm in earnest, 

they bought engines and licences abroad to learn 

all they could as quickly as possible. These 
engines were very thoroughly and methodically tested at 
the D.V.L., the Government aircraft research station, 
which also did a considerable amount of independent 
research. The results. of the D.V.L. work have been 
published, often with amazing frankness, in various pub- 
lications; more particularly in Luftfahrtforschung and in 
its Year Books. 

The material made available on superchargers and 
turbo-superchargers is very abundant, and forms a veritable 
mine of information in a field in which published data 
are scarce. The Americans, it is true, have written some 
excellent papers, but they generally give only the results. 
The Germans, instead, give also comparative test data of 
the highest interest, which can save a lot of time and 
money to anyone working on the subject. These German 
tests, however, are not well known in other countries 
The Luftfahrtforschung Year Books are expensive and 
bulky tomes, better known to aeroplane than to engine 
designers ; the articles are heavy and indigestible, formulae 
and Greek letters being spread about just for the fun of it ; 
and a thorough acquaintance with the German textbooks 
on centrifugal pumps and compressors is always assumed. 
The men in charge of superchargers at the D.V.L. are of 
academic origin and training, and their papers seem, to 
the practical man, surrounded by that faint aura of 
unreality that is the distinguishing mark of academic 
research. It must also be noted that, while the facts are 
given impartially and fairly, the conclusions drawn are 
often questionable and sometimes contradictory ; it would 
be unfortunate if these conclusions were accepted without 
an accurate and critical analysis of the facts. 

To get full value from these German tests, some know- 
ledge of German methods of calculation is indispensable, 
as they differ considerably from those used in England. 
The main difference is that, while British test curves are 
given in terms of the pressure ratio p,/p,, the Germans use 
mostly the quantity H = P2— Pr where y is the mean 

Y 
value of the density of the gas. H is given in metres ot 
gas column, written mGC (mGS in German). The 
classical German textbook on superchargers deals mainly 
with centrifugal pumps (Pfleiderer), and the supercharger 
man at the D.V.L., Dr. Ing. von der Niill, is a Pfleiderer 
pupil. In the case of centrifugal pumps, H is of course 
the pressure head in metres of water column, an easily 
measured quantity and the obvious choice to measure 
pressure (in the metric system, 1 mm. of water column 
represents 1 Kg/sq. m. thus simplifying work). In the 
Case of gases, the quantity H has no such meaning 
and cannot be measured directly, but only by calculation. 


However, H has a definite meaning even for gases, and its 
use in supercharger calculations and test curves has many 
advantages. 

The physical significance of H can be seen trom the 
water pump example; the water column height H (in 
metres or feet) represents obviously the work (in m.Kg. or 
ft. lb.) done by the pump to raise the unit weight (Kg. or 
lb.) of water to the height H. Dimensionally H is a 

7 
a this length can be 


length; as, however, m 


Kg. 
interpreted also as the ratio between a work and a weight, 
i.e., as work done on the unit weight. In the case of gases, 
the adiabatic pressure head Hap is used ; it represents the 
work done in compressing adiabatically 1 Kg. of gas from 
the pressure p, (and temperature T,) to the pressure Py. 
The main advantage of using H in supercharger curves is 
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ever these are Pressure ratio p,/p, and temperature 
changed ; this is ratio T,/T, in relation to the pressure 
particularly head H,, and the initial temperature 
annoying in air- T, for adiabatic compression. 
craft work, where 

the initial pressure and 
variable 

That the Hap—V curves are valid for all altitudes and 
under all conditions is not only a theoretical assumption ; 
it has been proved by a series of tests carried out at the 
D.V.L. on the same blower under widely differing initial 
conditions. As Hap represents the energy increase given 
by the blower to each unit weight of air, the Ha p—V, curves 
give at once the amount of work done in compressing the 
air, which equals Hap multiplied by the flow (in weight) 
per second ; if the power absorbed is measured, the total 
efficiency can be calculated, or vice versa. For aircraft 
work, the use of Hap has another practical advantage : 
for altitudes up to 6,000 metres (about 20,o000ft.), the 
value of Hap required to re-establish ground pressure is 
very nearly the same as the altitude, so that the effect of 
a supercharger at different altitudes can be seen at a glance. 
Above 20,o00ft., Hap increases more rapidly than the 
altitude, becoming 1.65 times greater at 65,oooft. 

Fig. 1 gives Hap, the pressure p in mm. of mercury, the 
density y in Kg/m*., and the absolute temperature T in 
degrees Centigrade, as well as the relative pressure p/p, 
and density y/yo for the standard international atmosphere. 
Given Hap and the initial temperature, both the pressure 
ratio p,/p, and the temperature ratio T,/T, are determined 
if the compression is adiabatic. Fig. 2 gives p,/p, as func- 


temperature are essentially 






tion of Hap/T, and of T,/T,, and is very useful for con- 
verting Hap—V,.. curves into p,/p, curves and vice versa, 
once the initial temperature is known. 

The use of Hap permits also a very easy calculation of 
the number of stages required for very high altitude work 
It must be noted that all D.V.1.. research seems to assume 
65,o00ft. as the practical ceiling!! Apart from inter-cooler 
losses, which can also be expressed in terms of Hap, the 
total pressure head of a multi-stage supercharger is equal 
to the sum of the Hap of all single stages. If the same 
diameter and speed is used in all stages, the values of Hap 
will be about the same. The number of stages required 
is then very simply obtained by dividing the Hap corre- 
sponding to the chosen altitude (plus inter-cooler losses) 
by the average Hap given per stage by the type of impeller 
selected. 


Number of Stages 


By using p,/p, the calculation is much more complicated, 
as the total pressure ratio is the product of the single 
pressure ratios, which vary from stage to stage owing to 
the change in 
density. Fig. 3 is 
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absolute air 
velocity and 
temperature at 
the supercharger inlet, and py, ¢,, T, the corresponding 
values at the outlet, 

« 9 9 
then Hap on RT, (Ps kK I 2 =! 

x—I \P1 22 

If T,' is the final temperature which would have been 
reached if compression had been adiabatic (T,' can be read 


; * ; r,! T 

in Fig. 2) the adiabatic efficiency is nap T T -: - 
2 1 

7m indicates the mechanical, wheel friction and leakage 

efficiency, then the total efficiency is 7 Tm NAD 


Fig. 4: Different types of impeller. Bottom, left, the 
Junkers box type. Below, the DVL web type and closed 
type. Note the inlet fans. 
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German curves give generally yap, 
so that mechanical, wheel friction 
and leakage losses are not included 
in the values given, which appear 
therefore very high. 

It is obvious that the use of the 
pressure head is independent of 
the unit system employed, if the 
same unit of length is used both 
for measuring H and the pressure ; 
all the enclosed German test curves 
can be used also in English units, 
by converting Hap from metres 
into feet and V, from cubic metres 
into cubic feet, but the pressures 
calculated by y . Hap = fp. — p, 
will be in Ib. per sq. ft., not in 
lb. per sq. in. (y being in Ib. per 
cubic foot). 
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The pressure head H is _ pro- log-—t 

portional to the square of the 

impeller tip speed ; the radial vane ae ee a ee 

impellers used exclusively in air- os 07 08 of to’ 12% 
craft engines give a_ theoretical 


H = u,*/g, wu, being the tip speed. 
This value of H can only be 
reached, even in theory, if the 
wheel has an infinite number of 
vanes ; a further big drop is caused by friction and eddy 
losses, so that the pressure head actually obtained is always 
much smaller than the above theoretical value. The 
German textbooks give elaborate formulae which should 
permit the actual pressure head H,py to be directly cal- 
culated from the theoretical values H. The theory on 
which these formulae are based is very involved, however, 
and practical tests are often in direct contradiction of it. 
rhese formulae can, perhaps, give reasonably accurate 
results for centrifugal pumps and industrial compressors ; 
for aircraft superchargers they have no practical value 
The D.V.L. tests give simply the actual pressure head Hap 
as function of the theoretical value H by means of a 
coeficient of quality gap; therefore Hap gav-H 


Coefficient of Quality 


A knowledge of the factors affecting the values of gap 
and the shape of the curve giving gap in function of the 
volume flow V, is most important, as it permits to forecast 
the performance and suitability of a supercharger design 
It must be clearly noted, however, that gap is mot an 
efficiency, and is not affected by the same factors and in 
the same way as the efficiency. The expression ‘‘ hydraulic 
efficiency ’’ used in some textbooks for gap is therefore 
most misleading. A supercharger can very well have a 
low gap and a high efficiency yap or 7; this will mean that 
the impeller can only impart a moderate quantity of 
energy to the air, but the energy is imparfed without ex- 
cessive losses, and therefore without overheating the air. 
The term “ quality factor "’ or ‘‘ quality coefficient '’ express 
perfectly the meaning of gap (Giitezahl in German). 

After this foreword, long but necessary in order to 
interpret correctly the German test results, these can now 
be examined. Important tests were directed to find the 
most suitable type of impeller. Fig. 4 shows the different 
types of impeller tested at the D.V.L.; in the open star 
type (Rateau) the effective part is reduced to radial 
spokes; the web type, in which the radial vanes, often 
twisted at the inlet, are connected by a disc-shaped web 
on the side opposite to the air inlet; this is the type 
generally used; the closed box type developed by 
Junkers and still used by that firm, and the completely 
closed radial type developed by the D.V.L 

rhe star type impeller, simple, suitable for very high 
speeds, is very inefficient ; it has the advantage of giving 
no axial thrust. The web type wheel is much more 
efficient, but gives a definite amount of axial thrust. The 
webs are often partly cut away between the spokes, as 
shown in lig. 4b, but D.V.L. tests have shown this to be 
useless or worse. Both star and web type are very sensitive 





Influence of the axial gap, A, between the impeller and the casing for star type 
impellers (right), and web type impellers 


left). 


to the axial gap between the rotating impeller vanes and 
the fixed casing side (the gap is marked a in Fig. 5). The 
curves on the right of Fig. 5 were taken on a star type 
impeller for two different gaps a:0.25 mm. (0.01in,) and 
0.8 mm. (0.03in.). It will be seen that the small gap improves 
the efficiency in the region of low volume flow, but the 
curve is much steeper than with the larger gap, which 
gives much better results tor larger flows. The maximum 
efficiency is low, and falls rapidly to very low values indeed 

The curves on the left of Fig. 5 refer to a web type im 
peller, with gaps of 0.9 mm. (0.036in.), 1.5 mm, (0.06in.) and 
2.6 mm. (0.1in.). Here again, small gaps better 
results, but only in a restricted field of low volume flow 
while the larger gaps give much flatter curves. On the left 
of the line MN small gaps are better, on the right large 
ones. The efficiency is good, though not outstanding, and 
the type of blower tested corresponds closely to those to 
be found on the majority of engines now being 
The importance of this curve of Fig. 5 (left), cannot therefore 
be overestimated 

It shows a way of varying and adapting the performance 
of existing superchargers simply by altering the axial gap 
For instance, for very high altitude work, or when a two- 
speed gear is used, large gaps will be better, owing to thi 
wide variation in the inlet volume ; while a smallish high 
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Comparative test of closed impeller and of web type impeller 
with different axial gaps. 
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compression engine would run better with small gaps, as 
the higher efficiency reduces the engine inlet temperature. 
Very small gaps are difficult to maintain under service 
conditions, owing to the varying thermal expansion of the 
various parts. 

Tests were also made on closed impellers, of the Junkers 
type (Fig. 4), and of the D.V.L. type (Fig. 4), of which 
more will be said later. Not much was said on the Junkers 
tests, probably to spare the Junkers people’s feelings, but 
the stationary air wedges between the boxes are stated 
to cause losses. This type is also obviously bad from the 
structural point of view, owing to the large central opening ; 
it is, however, still used in the latest types of Junkers 
engines. The D.V.L. closed type impeller is the apple of 
the D.V.L. eyes, and their only original development of 
any importance. Though an understandable enthusiasm 
for their own work must be discounted when D.V.L. 
papers are read, this closed impeller is obviously very 
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Effect of auxiliary inlet fan. 


interesting ; it does not seem to be used yet on standard 
engines, however. Great importance is given to the 
absence of axial thrust, more particularly for multi-stage 
blowers, which the Germans are obviously developing as 
fast as they can. There are, however, other means of 
eliminating axial thrust from multi-stage blowers than the 
closed impeller. 

Leaving for the moment all structural considerations, 
Fig. 6 gives comparative data between a closed impeller 
and a web type impeller, the latter having been tested 
with two different gaps. The advantage of the closed tvpe 
is obvious, though not great, and it is obtained over the 
whole field, there being very little deterioration in the 


EXHIBITION AT 


A PLEASANT oasis for the traveller thirsty after knowledge 
in the desert of closed museums is the exnilition of 
\ircraft in Peace and War at the Science Museum, South 
Kensington. The museum models have been arranged inte a 
compact collection illustrating the various periods through 
which flying has passed, and we are reminded forcibly that 
while ‘‘there is abundant evidence of man’s genius in the 
achievement and development of flight, there has not always 
been a corresponding enlightenment in its application.”’ 

The Historic Period, 1903-1914, of course, starts off with 
the Wright model of 1903, and is followed by other represenza- 
tive ones. Then comes the period of intensive mi!'tary 
development during the Great War of 1914-18, and what name 
more familiar than the Sopwith Pup? The FE2D, with its 
open tail of two braced booms, looks strange in these days, 
a veritable forest of struts and wires. The Junkers Di mono- 


SCIENCE 





shape of the curve. The gain in efficiency is the more 
important, in that the efficiency is very high and leaves 
little margin for improvement. It must be noted, however, 
that the supercharger tested is relatively small (about 2 Ib 
of air per second). For larger flows the disadvantage of 
the web type impeller would gradually disappear, as the 
relative importance of the friction and eddy loss, caused 
by the air in the impeller passages touching the stationary 
casing, becomes obviously smaller when the flow increases 

It is interesting to note that, while the research pro- 
gramme of the D.V.L. contemplates as a matter of course 
altitudes of 50,000 to 65,000 feet, no special effort seems 
to have been made to study the supercharger needs of the 
very large engine, all work being apparently done on 
blowers suitable for engines of about 1,000 hp. The 
largest supercharger mentioned in the German publications 
is not a D.V.L. development, but a type that the Bramo 
people were trying to develop; even then the flow was 
only about 3 lb. per second. 


Inlet Fans 


Another most interesting series of tests was made on 
auxiliary inlet fans. To avoid an excessive inlet shock, 
it is common practice to twist the inlet side of the impeller 
vanes, which are then no longer radial at the inlet (this can 
be seen in Fig. 4). This causes structural and manu- 
facturing difficulties, and the whole impeller must be 
changed if the supercharger is to be adapted to different 
inlet conditions. By using an auxiliary inlet fan (Fig. 4, 
right) in conjunction with an impeller with purely radial 
vanes, the impeller proper (which can be either of the 
web type or of the closed type) can be made stronger and 
is easier to manufacture, while the best inlet shape to suit 
varying conditions can be easily adjusted by changing the 
inlet fan. This type of construction is used, of course, by 
Rolls-Royce. Incidentally, the Rolls supercharger seems 
to be greatly admired by the D.V.L. people, who consider 
it, and their own type, the bright exceptions in a rather 
mediocre field. An extreme example of the application 
of an inlet fan is given by the very interesting Planiol 
axial-radial blower, developed in France, which has given 
very good test results. 

Fig. 7 shows comparative tests on a purely radial 
impeller, probably of the closed D.V.L. type, with and 
without the auxiliary fan, all the rest being unchanged 
Beside the efficiency nap, the quality factor gap and the 
reaction degree are also given It must be noted that 
the curves are given in terms not of the usual inlet volume 
flow V,, but of the relative volume flow V,/Vsr, where Vs 
is the rate of flow at which the entrance of the air into the 


impeller is effected without shock. The gain is con- 
siderable; the large increase in reaction degree shows 
that the inlet fan improves mainly the impeller. Other 


D.V.L. tests have shown the importance of a clear, straight 

inlet lead, or of an inlet spiral volute ; these, however, can 

improve the effect of an inlet fan, but not take its place 
(To be concluded next month.) 


MUSEUM 


plane is conspicuous for the period, being an all-metal low 
wing design The 1919-1939 period of civil and military 
development is represented by these types, many of which 
have just passed out of use, and a separate case of models 
ushers in the 1940 period, perhaps the Flying Forties? Blen- 
heims, Wellingtons, Hurricanes, Spitfires—they are all there 
though the Whitley is a notable absentee. 

Engines, too, are shown. A _ Rolls-Royce Merlin X, two 
Napiers and a Pegasus XVIII look impressive, and there is a 
sectioned moving model of a Siddeley Tiger VI A Taurus 
sleeve-valve engine and a de Havilland constant-speed airscrew 
make the collection a very complete one. Ministry of [nforma- 
tion photographs—of very familiar subjects—occupy a corner 
and The Aeroplane contributes some excellent ones of British, 
French and German aircraft of types engaged in settling the 
present difference of opinion. 
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“ Flight” photograph 


‘“*. . . Likewise the amazing production of the Wellington . 


My Dear Watson-or the Missing Body 


An Aeronautical Amateur Detective Does Some Sleuthing : And 
Also Some Debunking 


By **RUSSEL BRIND’' 


moment a batch of exciting clues in a real-life 

detective story, your friends will make allow- 
ances if you sport a fishing hat, carry a magnifying 
glass in your vest pocket, take rooms in Baker Street 
and practise before your mirror the smug, if copyright, 
phrase: ‘‘Simple, my dear Watson.” 

For this is the fact. Each and every week in the 
pages of Flight appear clues of absorbing interest. With 
icy logic you may draw inferences and make devastat- 
ting deductions, though frequently months of patient 
piecing together are required before you can build up 
a foolproot case. The gentle art of detective work in 
aeronautical matters knows practically no boundaries: 
only the amateurs will overlook the news items of vital 
interest which can be unexpectedly found from time to 
time even in the advertisements. 


A soon as you realise that you have at hand at this 


Unconsidered Trifles 

As in the best detective stories, it is not always what 
is included that matters, since what is omitted may 
sometimes be inferred to be of greater import. In these 
times, if you are ca-canny, you will particularly notice this 
point for whilst, God bless us all, we may cheerfully 
recite things about the nations in competition with ns 
about ourselves we must keep very mum. At any rate, 





you can put yourself down as outside handicap score 
if you cannot, somewhere, find an interesting aeronauti- 
cal clue well worth pursuing. 

Let us explore, detectively, a few things of current 
aeronautical interest. There is, for instance, the Case of 
the Missing Aeroplanes. 

The aeroplanes in question disappeared on a hot Sep- 
tember afternoon in 1939. Up to that time they had 
been fairly healthy, as it were, after a bout of growing 
pains. They were seen whizzing about the green 
countryside, waking up cricketers in the long field, in 
teresting Little Alfie at Blackpool, running ferry services, 
doing charter work, and frequently conveying Bradford 
wool merchants to London on you-know-what business 
—indeed, doing useful things almost every place. 

At that time our railway services were creeping on 
with petty pace and the winter of the travellers’ discon- 
tent prevailed even in the summer. Using time-tables 
that were living lies, the railways had been on the one 
hand squealing for a square deal, and on the other, in 
various guises, doing their best to muscle in on motor 
transport and civil aviation fields. 

Weeks of steady sleuthing revealed that the various 
airlines had dimly become aware of the fact that as one 


‘*. . , and the speed of the Beaufort.’ 
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“ Flight’ photograph 


The De Havilland Flamingo, soon to be endowed with extra performance. 


by one of their weaker members were “‘taken over” 
the drift was towards an octopus, omnibus, bastard 
corporation knowing neither father nor mother which 
would run all forms of British transport. Also revealed 
was the fact that the companies saw the red light, 
realised that unless they stopped cutting each other’s 
throats then the big bad wolf was after them. They 
would be on the ‘“‘spot’’ in a matter of months. It 
was only a matter of time before they would have to 
succumb to what the City sharks call the ‘‘ Squeeze’’ 
and official communiqués call a pincer movement 

All these things were manifest to the persistent 
amateur detective, though all the deductions and con 
clusion were not necessarily true. However, with thead 
vent of war the situation was both solved and resolved. 


























The almighty long arm of bureaucracy—with its hordes 
of barbarous officials—descended heavily on the activi- 
ties of these companies, and the locusts were in the 
green fields with a vengeance. All the works of British 
civil aviation were stopped ; and the majority still are. 
Organisations that had been painfully built up to a 
state of fair efficiency, let in the rot and are now wasting 
away, disintegrating, losing their personnel and dissipat 
ing their capital resources. Gear worth thousands was 
condemned to decay in hangars that are not used, on 
aerodromes which are awaiting God alone knows what 
at places which, by no conceivable stretch of the aver- 
age imagination, could be considered as in interference 
with the war game. 

So the good amateur detective asked why? The 
end of the road for the small aviation companies—break 
up and possibly bankruptcy—is already in sight for 
some of them. In whose interests would that be? Is it 
the purpose of the State deliberately to allow this to hap 
pen? Is the war providing someone with a heaven-sent 
opportunity to do absolutely nothing but bar them th 
right to fly—a state of affairs technically within the let 
ter of defence, but morally a shocking thing? Is that 
end to be the time when, financially impotent, the com 
panies are all to be engulfed in some vast transport 
scheme ruled by the dead hand of officialdom? 

The Case of the Missing Aeroplanes is now a stale 
mate. Interesting developments are expected daily: a 
close watch is being kept for even the suspicion of 4 
clue*. 

The Case of American Aircraft 

Then there is the Case of the American Aircraft. In 
leed an interesting case since, each day, almost each 
hour, brings some fresh clue hotfoot from California. 

The material facts of this case are as follow: In the 
public prints a great body of aeronautical matter that 1s 
basically propaganda legitimately finds its way into the 
editorial columns because it is mews. Anything that 
smacks of “‘ publicity,’’ is larded with superlatives, and 
is peppered and salted with smug commercial blah, is 


stinking fish in all good newspaper offices—it helps ‘0 
swell the paper shortage and fill the W.P.B. 
7 * This subject is dealt with more fully else where in this issue 


“Flight photograph 


A Hawker Hurricane pilot enjoys himself. 
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For example, the reams written about the magnificent 
flight of a Hurricane from Edinburgh to London at an 
average speed of 408 miles an hour passed into the 
world’s editorial columns because this event was news. 
Likewise, the performance of the Spitfire, the record- 
breaking feats of the Wellesley, the amazing production 
of the Wellington, the speed of the Beaufort, the arma- 
ment of the Defiant—all these and certain other aircraft 
could legitimately claim news space whenever any or 
all of them put up a show. Indeed, until the outbreak 
of war these British products justly received world-wide 
recognition of their merit in the editorial columns of 
every country in the world that could run to a news- 

per. 

With the outbreak of war a cockeyed censorship sys- 
tem banned everything and everybody except the 
“Minnies,’’ and into the great void in the world’s Press 
(for, oddly.enough, the overseas newspapers refused to 
print neat little pieces on the difference between a bi- 
plane and a monoplane and other similar encouraging 
signs that British aviation was alive)—into the great 
void stepped the Americans with whoops of joy at their 
unbelievable good fortune. (For the nitwits clamped 
down on the French as well.) 


The News Comes In 


Have you ever seen a news editor or a chief sub- 
editor to whom the news comes? It is an odds-on bet 
he is a simple soul with a Scottish or Welsh accent, pro- 
vincial trained, devoted to gardening and skittles, with 
a small daughter (with whooping cough) and absolutely 
no idea whatever of aviation except that Clark Gable 
breaks bombers very nicely and that the airplane forms 
a sound medium for Epic Dramas of the Azure Sky. 

To one-or both of these much-harassed gentlemen 
comes a cable from the West. He at once scents a 
splurge story, for the cable says: “‘ Allies to order 
10,000 more bombers, cost of {425,000,000. . . American 
factories now working night and day. 16,000 aero- 
engines . 35,000 ‘planes 500 factories 
etc. 

Well, the story comes from Los Angeles, and as he 
has no means of checking it, but sees that it comes from 
a correspondent of repute, he puts the piece in the 
paper—definitely on the front page because the last he 
remembers was Sir Kingsley saying a bit about the 
British having 2,340 aeroplanes next year or some time. 

Next morning, goggle-eyed, the great British public 
reads the dramatic news. Few notice that in a column 
adjacent to that in which it states the Allies are: to 
spend {425,000,000 on aircraft and parts is a piece that 
says the total British assets for the cash-and-carry for 
mula are about £180,000,000. 


“ . the armament of the Defiant . . . 


“Flight” photograph 
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“. . . let us see, the D.C.4 can hardly be truly new.”’ 


Is it with surprise or I-thought-so that the amateur 
sleuth finds in the financial columns that aircraft shares 
on Wall Street showed.a tendency to weaken? Could 
it possibly be that an inspiring story about Allies’ air- 
craft buying might help those tendency-to-weaken 
shares to look ever-so-bonny ? 

Turning to the “‘ tuppenny daily ’’ a chill draught ot 
fact is found, for it is made plain that the actual pro- 
gramme of American military aircraft production in 
the next 18 months calls for 500 aeroplanes for the Army 
Air Corps and about 500 for the Navy boys—a meagre 
production rate of 55 a month. My, my, that doesn’t 
square up with those loudly announced overseas 
deliveries of 10,000 additional bombers! 


Output Doubled! 

Every good detective has a card-index system. A 
reference to Aero Digest, November, 1939, shows that: 
‘The total number of commercial aircraft produced 
during the first half of 1939 reached 1,627 units, com- 
pared with 835 for the previous year.”’ The article 
goes on to say that light ‘planes weighing not more 
than 1,300 Ib. accounted for the entire gain. The num- 
ber produced above the 1,300 Ib. category remained 
“practically static,’’ with 228 in 1939 against 287 in 
1935, whereas light aircraft increased from 566 to 1,339. 
Well, they couldn’t get 10,000 out of those figures! * 

Now every John Citizen in Britain knows full well 
that American aero-engines are tops. They make per- 
fectly lovely noises at the cinemas. Imperial Airways 
bought some from America. Our Prime Minister went 
to Munich with their aid. My, my, if only we had stuff 
like that! 

In the morning mail is a copy of the American Army 








* Isa drop of about 20% “ practically stati 
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“. . , the Ensign was flying way back in 1938.’’ 


and Navy Register of January 20, 1940. What does it 
say? No, it cannot be true! Is there a misprint? 
It clearly states in a summary of the 25th annual 
N.A.C.A. report that the Americans are going to sct 
up an engine research committee; it says that ‘‘ the 
committee wishes to call attention to the fact that the 
reason for foreign leadership in certain military types 
of aircraft is due in part to the superiority of foreign 
liquid-cooled engines.’ 

Fancy that! There’s an interesting clue. Wonder 
why that wasn’t in the newspapers? Of course, you 
can’t expect the Americans to cable that sort of stuff 


across, but are there no British correspondents in 
America? Are they dumb? Don’t they know their 
stuff? 


Not-so-New 

Here’s an interesting bit: The Extraordinary Case ot 
the Better-Late-Than-Never Aircraft. All about the 
new DC-4 airliner. An order for 39 of them! Big 
stuff, that. 

Now let us see, the DC-4 can hardly be truly new, 
even if it is so described. It is mentioned in Jane’s, 
1936, which covers 1935. The Americans say it was 
originally announced as a 52-passenger airliner grossing 
66,500 Ib. On this basis it received world-wide 
publicity. 

Yet here it is again, popping up in American Aviation, 
in November, 1939, and subsequently, as scaled down 
to 40 passengers by day and 20 by night. The new 





bunch ordered are to be delivered in the spring of 1941. 
Subtract 1935 from 1941; that gives six years. Now, 
can we recall the Armstrong-Whitworth Ensign Class 
airliners? Yes, the Ensign was the machine concerning 
which an almighty howl went up in certain smart Alec 
quarters because its production was delayed by what is 
now recognised as war priority work of vital importance. 
Still, it was flying way back in 1938 in regular service, 
carrying 40 passengers and a crew of five. As far as is 
known, no war priority delayed the DC-4. Wonder 
what is being said in those quarters that bayed about 
the Ensign? There’s a missing clue worth following up! 


50—5,000— 5,000—300 

Here’s a world-beater. It’s big. It’s fruity. It’s a 
riot. It says plainly in American Aviation, in January, 
1940, that according to testimony given by Mr. Juan 
Trippe, president of Pan American Airways, at a Civil 
Aeronautics Authority hearing in Washington on 
January 3, that ‘‘a ‘plane which will carry a minimum 
of 50 passengers and 5,000 lb. of mail and express, has 
a range of 5,000 miles and cruise at 300 m.p.h., may be 
put in service by P.A.A. in three years.’’ The italics 
are mine. The modest word ‘‘ may ”’ is the president's 
To prophesy may be rash, but it is suggested that 
every editor who has given publicity to this statement 
should receive from the president a big box of good 
Havana cigars if a machine having these characteristics 
is flying in service on Pan American Airways by 
January 3, 1943. Include me in on this, Mr. President 
On the other hand, it is suggested 

a bigger box of cigars goes to all 
those editors who haven't given it 

™ publicity and who find, on Janv- 
ary 3, 1943, that their pessimism 
was not unjustified. Furthermore, 
an even bigger box of cigars 
should go to those who have now 
ey given the statement publicity and 
: who will later produce a_per- 
fectly plausible excuse if the date 
line is passed with negative re- 
sult. It is not absolutely impos- 


“. ,. . the record-breaking feats 
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sible for the American industry to produce this machine, 
and if enough cigars are handed out everybody ought 
to be satisfied ! 

Gathering up a few threads, we find that the 
Americans are grabbing a terrific amount of editorial 
space which is quite unjustified on the ground of news 
because it is false mews, especially as it tends to reflect 
on the capabilities of British products. Secondly, that 
at least one important American machine has turned out 
to be not nearly so important after all ; in fact, we have 
already a machine as good and have had it in service 
for 18 months. 

Lastly, we have been given an hors-d’ceuvre to tickle 
our palates for the future. In the best propaganda 
tradition, keep on keeping them guessing. Keep the 
El Dorado just out of reach. Talk of the magnificent 
stuff that is coming along. This is exactly the technique 
of Jaspar the German, Arch Priest of Zeesen, erro- 
neously nicknamed Lord Haw-Haw as an insidious 
attack on the prestige of the British aristocracy ! 


Reasonable Deductions 

What do we deduce from this? Our military aircraft 
prestige is being attacked throughout the world on the 
basis that the Allies have to come to America for war- 
planes. That the Allies are so tied up with their own 
work they can’t handle anything else, but of course the 
Americans will always oblige. That by carefully ignor- 
ing the splendid work of the Armstrong Whitworth 
Ensign class air liners, a big campaign can boost the 
DC-4, and it will hit the world’s headlines. But that’s 
not all—for whilst the Allies are fighting for their very 
existence the Americans are all set to produce the biggest 
proposition civil aviation das heard of, and this may 
be in service in three years! That also will hit the 
headlines a smash. 

So we come to the Case of the Missing Official. In 
vain do we search for a clue as to the man who is going 
to counterblast Californian syrup of publicity. Nowhere 
can we yet find a pointer that the Government intends 
to do anything about this, our aeronautical future, 
whilst the Americans are, to paraphrase a famous slogan, 
cashing in and carrying on in our absence. With 


“ Flight photograph 
The De Havilland Albatross is probably still the most efficient commercial aeroplane in the world. 


astonishment we read of the miserable climb-down of 
Imperial Airways and British Airways services. We 
read bleats to buy civil aircraft from America. We 
scan every column of the Press to find a forcing policy 
for British Civil Aviation. We watch the Royal Aero 
Club, send our spies out far in the land. But the answer 
is always negative. Nothing doing. Yes, one wee little 
clue, from Buenos Aires. It says that the proposed 
British cable service, which was to carry trade news to 
South America, has not been established. That, at 
least, is a good thing ; for you can readily imagine the 
astonishment of Latin races receiving the trade tripe— 
yes, TRIPE—which has been released with a Whitehall 
backing, when anyone with the slightest knowledge of 
South America knows that what is wanted are pictures 
of pretty girls—a view towards which a certain degree 
of Nordic agreement may be extended. 

We can’t find the clue to the missing official because 
ipso facto he must be an official of something. Then, 
my dear Watson, we are really looking for an official 
body or a body of predominant standing to safeguard 
our aviation interests: and the body is missing! Yes, 
we have the Civil Aviation Development Committee, 
which it seems certain will work tremendous good for 
the interests we have at heart. As far as is known, at 
this stage, no suggestion of a sales organisation comes 
within its activities. Then clearly what we need badly 
is a British Aviation Exports concern charged with the 
co-ordination and rationalisation of our export sales 
throughout the world, a concern in the closest liaison 
with the C.A.D.C. which would handle only the pro- 
duction of aircraft and material to be sold by the new 
body. Here, it seems, is the missing link to the missing 
official. Now for a spot of major sleuthing to find out 
when (How long, Allah, how long!) the exports 
organisation will be formed and who, please Allah, will 
be its driving force. It must happen quickly, if at all, 
for at no distant date one of Hitler’s underlings will be 
signing the Peace Treaty of London. And every day 
that passes means the Americans, the Japs, the Italians 
and the Dutch are entrenching themselves more firmly. 
Watson, we must find the Missing Body before it is 
too late! 
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REFINEMENTS of FINE *%& 
MEASUREMENT 


Notes on British Development of a Modern 


MONGST the wonders of 
A modern aircraft and en- 
gine construction one of 
the most important, and the 
least in the limelight, is that of 
attaining extreme accuracy in 
manufacture. Such accuracy 
can only be secured if superfine 
means of making measurements 
are available. 

An authority on the subject 
once stated that measuring in 
struments need to be five times 
as finely accurate as the limits 
which they are to _ control. 
This means that to measure 
accurately in one-thousandths 





Science 


It is possible to measure to one-millionth part 
of an inch with the Electrolimit gauge. The 
above instrument is for external measurement. 
(Left) Electrolimit gauge for measuring 
internal diameter. The principle is that of 
mechanical contact measurement magnified 





parts of an inch, the instrument » many times through an electric circuit. 
must be accurate to two-tenths 
of one-thousandth, or to measure in tenths of one- scale, is within the limits. All of which makes the viewing 


thousandth parts of an inch, the instrument must be a very simple, positive, and quick operation. It is worth 
accurate to one-fiftieth part of one-thousandth. Working while, when thinking of fine measurements, to recall that a 

single hair of the finest thickness measures about 0.0025in. 
IMDKATING UNSTRUMENT in diameter, or twenty-five of ten thousand parts of an 

(use asecIER) inch, and a coarse hair about 0.oo4in. 

Incidentally to measure accurately the outside diameter 
of a round section is relatively not so very difficult, except 
that it is possible for diameters to show correct size with- 
out the section being entirely and truly circular. 

Recently the writer visited the factory in Leicester of 














La] 
S Taylor, Taylor and Hobson, Ltd., where the production 
al and development of fine measurement instruments are not 
22 merely a business, but an absorbing and enthusiastic study 
<= as well. In this factory are made instruments of many 
° kinds, including optical, for the firm are specialists in lens 
8 work, and think nothing of taking photographs of objects 
60 miles distant. 
TO 0-1 VOUT The Electrolimit Gauge 
€0 CYCLE LINE 
Since the subject of measuring diameters happens to 








have arisen first, let us start by studying the Electrolimit 
gauge, which has the capacity to measure in millionths of 
Wiring diagram of the Electrolimit gauge. an inch if required, and is applicable in variods forms for 
external gauge work, internal gauges; multi-point gauging, 
limits of one- or two-tenths ot one thousand parts of an application to machine tools, remote indication, and selec- 
inch are quite normally used nowadays in accurate manu- tive assembly. Each complete gauge is comprised of three 
facture, which explains the need for superfine measuring components, the electric head, which, so to speak, takes the 
instruments, and some of these are capable 
ot measuring in one-hundredth parts of 
thousandths of an inch, or even in one- 
millionth parts of an inch. 

One of the important points of the superfine 
instruments which show their readings on dial 
gauges is that when an examiner is viewing 
every sample of a part produced in quantity— 
‘‘hundred per cent.’’ viewing—with a limit, 
say, of plus nothing and minus 0.0002, or two 
ten-thousandths, if the dial has a scale cover 
ing, say, from o to 20 hundred-thousandths, 
any variation of the size of the part which does 
not cause the needle to move actually off the 


QIAGRAM 





By means of this instrument the alignment and 
the parallelism of bearings 8o0ft. apart can be 
accurately measured. On top is the special 
telescope; in the centre the Collimator, which 
throws a fine true beam of light; and below, the 
“‘targets,’’ which are used to provide checks at 
intermediate distances on the work being 
checked 
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measuremert; the power unit, which contains the two 
inductances of the bridge together with a voltage regulator, 
a 10 to 1 transformer, and an A.C. rectifier to provide the 
D.C. current for operating the micro-ammeter; and the 
micro-ammeter, which provides the scale for the readings 
By no means difficult to grasp, the principle consists of a 
combination of mechanical gauging contact, performed by 
the electric head, and electrical magnification carried out 
and made visible by the other two components. 

Contained in the electric head is a slidable contact 
spindle, the point of which rests on the work. The head 
of the spindle bears upwards against a steel lever armature 
attached by a blade-spring hinge to the body of the instru- 
ment. The distant end of the armature is spaced centraily 
between two inductance coils. Thus the slightest move- 
ment of the contact spindle in the electric head deflects to 
an increased extent the armature and unbalances the bridge 
circuit by an amount indicated as a dimension on the 
scale of the micro-ammeter. 

This instrument provides a range of magnification ex 
tending from 800 to 18,000 to 1, and according to the mag 
nification. used’ the reading over the full range of the scale 
can be ranged to cover from 0.o04in. to 0.00025in. This 
perhaps requires a little explanation to make it clear. Sup- 
posing a scale of 3}in. length, with 60 divisions, each of 
which can be read into halves. With a magnification of 
18,000 to 1, the measurement recorded if the needle tra 
versed from zero over the whole.width of the scale up to 
the 60 mark would be o.oo025in. If the needle showed a 
movement over only one of the divisions the measurement 
would be 0.00025 divided by 60, which equals 0.0000042in., 
or approximately 5 millionths of one inch. With a 4}in. 
scale instead of the 3}in. one, one millionth can be esti 
mated fairly readily 

The Alignment. Telescope 

Produced initially for aircraft assembly work, the Taylor 
Hobson Alignment Telescope provides accurate checking 
measurements in a fraction of the time, and with greater 
accuracy than has been possible by mechanical methods. 
It is particularly applicable to checking the alignment of 
the large jigs used for assembly, and is capable of showing 
want of parallelism amounting to one part in 20,000 on 
bearings or surfaces as.widely separated as 80 feet. The 
apparatus is in. two parts, a 
collimator, which projects a fine 
true column of light upon 
scales, and a special kind of 
telescope which is placed at the 
other end of the work, and 
through which the scales can be 
read. The working accuracy of 
this instrument covers lack of 
parallelism or existence of tilt to 
six seconds of arc, and departure 
from parallelism, that is, align 
ment, to 0.01 inches at 50 feet 

By setting up ‘‘ target’’ scales 
at any desired points between 
the telescope and the collimator 
the work can be checked also at 
these intermediate distances. 

Many quantity - produced 
mechanical parts which must be 
most accurately made for effi- 
ciency and _interchangeability, 
such as gear wheels, sprocket 
teeth, screw threads, and form 
tools, are extremely difficult to 
measure within the desired 
degrees of accuracy because of 
the involved shapes. So for 
such purposes the Profile Pro 
jector is used. Basically the 
principle is to project a much 
magnified profile of the image ol 
the particular part of the object upon a screen where the 
image of the profile may be easily measured. It sounds 
simple, but it is not, for the profile image must be abso- 
lutely accurate or the measurements are useless. In the 
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The Alignment Telescope set up on a jig for checking the 
parallelism of a Frise aileron. In the foreground is the 
special telescope. The collimator is at the far end of the jig 


last twenty years immense strides have been made in per 
fecting Taylor-Mobson Profile Projecting instruments, and 
lenses have been produced which avoid the pitfalls of dis 
tortion. It provides for magnifications up to 100 times and 
has a field up to 3in. in diameter. The arrangement is 
this: A beam of light from a lamphouse passes through a 
collimating condenser lens and illuminates by collimated 


The actual Profile Projector is 
shown on the left. The cabinet 
houses a mirror in its roof, 
which reflects the image down 
on to the table. The optical 
arrangement is shown diagram- 
matically below 
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An accurate photograph of the transverse section of the 


middle of an undercut tooth of a special bevel pinion 


taken by the Section Projector. 


light the profile of the work placed in the field. The beam 
then passes through a projection lens which forms an image 
of the profile and this is reflected upwards by an inclined 
mirror and onwards to a second overhead mirror. 

This finally reflects the magnified image downwards on 
to a large horizontal screen 5ft. in diameter, where it can 
be examined and measured. The horizontal screen has 
three controls, duplicated for convenience on opposite sides, 
which are employed for focusing and positioning the image. 
One method of using the instrument for repetition examina- 
tion work is to place an accurate enlarged drawing on the 
screen and then to project the image accurately into posi 
tion upon the drawing, when any divergences are made 
apparent. The complete apparatus occupies a space of 


The 


ETAINING the fixed wing slots, three- position flaps, 

hydraulic brakes and the other characteristics embodied 
in the original model of 1939, the Stinson Model 105 for 
1940 is an improved version with more power, higher 
cruising speed, faster take-off and climb, greater service 
ceiling and a full four-hour-cruising range. 

Powered by an 80 h.p. Continental engine, the ‘‘ 105 ’ 
has a cruising speed of 111 m.p.h. at the optimum altitude 
of 4,800ft. It is also available with a 75 h.p. engine and 
this model is priced at $3,295 at the factory, Wayne, 
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11ft. 6in. by 7ft. 6in. on the floor, and 11ft. gin. high, 
and is constructed very rigidly, so as to be unaffected by 
vibration 

Perhaps the most marvellous of all these highly scientific 
measuring instruments is the Section Projector, for it can 
deal with work which otherwise cannot be measured with 
the degree ot accuracy necessary in modern production 
Take, for example, the tooth of a helical bevel gear. The 
ends of the tooth are visible enough, but are of different 
size. What may be the exact profile in the middle of th 
tooth, or what is the profile in the plane of the rolling 
angle ? Such profiles cannot normally be projected because 
the curved flanks from end to end of the gear tooth obscure 
the field of view. The manner in which this job is tackled 
is extremely clever By means of a special kind of 
illuminating system the Section Projector instrument 
throws a fine plane sheet of bright light across the tooth 
in the direction in which the section to be measured is 
required. A line of light is thus formed by the interse: 
ting of the tooth with the plane of the sheet of light, and 
this line traces the section of the tooth. 

The illuminated section thus obtained is then photo 
graphed by means of a special camera whose lens may be 
positioned to view the section from a suitable oblique view 
point. The camera has a specially devised lens system 
whose geometry is such that despite the obliquity of the 
view point, and the selection of one view point or another, 
the resulting unit size photograph is free from distortion, 
and is sharply defined all over the plate. The photograph 
can afterwards be magnified and projected on to a screen 
This instrument is even able to deal with pinion teeth 
which are undercut at the roots, as shown in the photo 
graph reproduced 


MODEL 105 


mum altitude. The extra cost of the 80 h.p. model is only 
$75. 

The rate of climb on the new model has been increased 12 
per cent. and now is 5o0oft. per minute. Service ceiling 
is increased 20 per cent. to 12,100ft. Ground handling in 
high winds has been improved by an increase in the siz« 
of the hydraulic brakes. A steerable tail wheel is also 
available. The engine cowling has been redesigned for 
easier accessibility and is now of the hinged automobile 
type. Other improvements include improved cabin venti- 
lation and additional capacity in the cabin heating system 


Specification and Performance 


Michigan. It has a cruising speed of 107 m.p.h. at opti- 
Wing span 34tt Useful load 
Overall length 22ft. 2in Payload 
Overall height 6ft. Gin Gross weight 


155 sq. ft Wing loading 


900 Ib 


Wing area 
Empty weight Power loading 





680 Ib Cruising speed at optimum 
382 Ib altitude of 4,800 ft ill m.p.h 
1,580 Ib Rate of climb ‘ 500ft. per min. 
Service ceiling 12, 100ft 
10.2 ib. per sq. ft Cruising range 425 miles. 
19.8 ib. per sq. ft. Landing run 150ft 
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FIGHTERS 


Still More Power, Arma- 

ment and Armour : 400 

m.p.h. Attained : New 
Twin-Engined Designs 


the enemy the freedom of the sky. To 

achieve this they must take various 
forms, for although all fighters must be 
faster, more manceuvrable, and have a 
higher rate of climb than other types of 
military aircraft, their design is con- 
ditioned by operational requirements. By 
way of example, a fighter intended 
primarily for attacking short-range fighters 
will differ considerably from one designed 
for shooting down long-range bombers or 
from a type intended for escort. 

To clarify matters we may divide 
fighters into five arbitrary classes, as set 
out overleaf. 

It is not inferred that all these types 
are considered necessary. The economy 
afforded by the adoption of general-pur- 
pose fighters has stimulated the design of 
machines which are compromises between 
(1), (2), (3), and (4), the finest examples 
now in service being our own Supermarine 
Spitfires and Hawker Hurricanes. These 
have a high performance, comparatively 
long endurance, and heavy armament. 


[' is the purpose of fighters to deny to 


(Right) A characteristic and symbolic 
picture of Vickers Supermarine Spitfire 
eight-gun fighters, as used for Home 
Defence, wheeling over the English 
countryside. Below is a new Flight 
photograph of the Hawker Hurricane 
eight-gun fighter which, like the Spitfire, 
has achieved great success. 
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Type Duties Special Qualities 
(1) Intercepter, or Local For intercepting at short Rapid climb. 
defence Fighter. notice enemy aircraft 


threatening local centres. 
(2) Local Patrol Fighter Constant patrol of vital Economy. 


areas. 
(3) Dog-fighter or Front (1) For attacking enemy Manceuvrability at height 
Line Fighter. short range fighters. 
(2) For attacking enemy 
short-range observation 
. machines, bombers and 
reconnaissance aircraft 
which the former are 
likely to be protecting. 
For fiying out to meet Longer endurance than 


= 


(4) Pursuit, or Home- (1) 


defence Fighter. enemy long-range bom- Types 1, 2 and 3 and 
Ts, reconnaissance possibly heavier arma- 
machines and _  long- ment 


range escort fighters. 
(2) For pursuing the above 
machines on their home- 
\ ward journey. 
\ 5) Escort Fighter For protecting long-range (1) Long range. 


bombers and reconnais- (2) Sufficient manceuvra 
sance aircraft against bility to engage enemy 
attacks by enemy fighters hghters or turreted 


armament 


Although the great majority of ‘‘ general-purpose’ 
fighters are single-seater, single-engined types, there are 
single-seaters with two engines; two-seaters with one 
engine; and two-seaters with two engines. In addition 
there are a few larger and heavier multi-seaters which 
are not suitable for interception work or for tackling 
manceuvrable enemy short-range fighters, though they may 
possess desirable qualities under headings (4) and/or (5) 

Here a word of caution will not be out of place: it is 
dangerously easy to identify ‘‘ single-seater’’ and “‘ single 
engined ’’ and to think of twin-engined fighters always as 
having two or more seats. 


Layouts and Duties 


It cannot be over-emphasised that the number of engines 
fitted is not necessarily an indication of a fighter’s duties 
There is a prevalent impression that a twin-engined fighter 
is automatically a long-range machine carrying a crew of 
two or more, whereas in fact it may be a single-seater with 
less endurance than a machine with only one power plant 

Nor is the number of seats a much more positive clue, 
for although a single-seater is patently unsuitable for convoy 
work over very long distances, a multi-seater, on the other 
hand, might be employed for short-range defensive duties 

In view of the prevalence of general-purpose types 
fighters can, for the purpose of this discussion, be categor 
ised according to the number of seats and not as to 
function 


On this and the next page is a selection of single-seater 
fighters. Design varies very considerably even considering 
that some of the machines are older than others. From top 
to bottom on this page are the Curtiss P-40 (U.S.A.); Morane 
M.S.406 (France); Fiat G.50 (Italy); ZKB-19 (Russia); 
ee Fokker D.21 (Holland) ; Koolhoven F.K.58 (Holland) ; and 

ys Koolhoven F.K.55 (Holland). Below are the Brewster F2A-1 
U.S.A.) and the Dewoitine D.520 (France) 
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Although approaching aerodynamic perfection more 
nearly than any other military type, the modern 
fighter is, in fact, a compromise between many considera- 
tions. Its landing speed can be little or no higher than 
that of any other Service machine (excluding the special 
army co-operation aircraft), for fighter pilots, despite their 
dash and daring, are not supermen—particularly in war- 
time—and ‘‘war stations,’’ excepting possibly Home 
Defence aerodromes, cannot be depended upon to provide 
all the run that might be desired for landing and take-off. 
Night-flying, moreover, is part of the regular duties of 
most fighters, for it is at night that bombers may do their 
worst against a well-defended country. 


Wing Loading 

Although landing speeds can, to some extent, be lowered 
by the use of elaborate high-lift equipment, high loadings 
will, nevertheless, influence manoeuvrability, rate of climb 
and ceiling. This is particularly well illustrated in the 
case of the Messerschmitt Me 109, which has shown up at 
a disadvantage in combat with Allied machines of larger 
dimensions but with lower loadings. Whereas the wing 
loading of the Hurricane is less than 25 Ib./sq. ft., the 
Heinkel He 112 is loaded to 34 Ib./sq. ft., and the Me 109 
to 32 lb./sq. ft. Flap guides and other excrescences asso 
ciated with high-lift devices are, of course, undesirable on 
high-speed fighters 

As its armament is fixed, the single-seater fighter must 
in order to bring it to bear on an elusive target, possess 
extraordinary powers of manceuvre in the thin air at great 
heights. A primary consideration, therefore, is that aspect 
and taper ratio, span loading, and wing-tip design should 
be such that the machine may be violently manceuvred at 
great heights without “‘squashing’’ or falling out of tight 
turns as a result of tip stalling. Wing-tip stalling is also 
to be avoided in view of the fact that the fighter may have 
to make slow approaches into small aerodromes by day 
and night. Handley Page slots, which may be uSed to 
increase the lift coefficient, will eliminate this danger. 

The monoplane v. biplane controversy continues, and 
while the biplane is in a very small minority, it is signifi 
cant that a Power like Italy should have put the Fiat 
CR 42 biplane into service following the success in Spain 
of the CR 32. The Gloster Gladiator is still extremely 
popular, and the first original aircraft design (1938-39) of 
the Canadian Car and Foundry Company is a very clean 
single-seater fighter biplane. 


Reading from the top of the right-hand column on this page 
the single-seater fighters are Macchi C.200 (Italy) ; Bell P.39 
or Airacobra (U.S.A.) ; Vickers Venom (Gt. Britain) ; Republic 
XP-41 (U.S.A.) ; Curtiss P.36 (U.S.A.) ; Martin-Baker multi- 
gun (Gt. Britain) ; Vultee Vanguard (U.S.A.). Below are the 
Curtiss P-42 (U.S.A.) and Curtiss YP-37 (U.S.A.). The variety 
would be even greater were twin-engined single-seaters 
included. 
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In comparison with monoplane fighters, the biplanes 
which, as will be gathered from our tables, are compara 
tively lightly loaded, are considerably slower. High inter 
ference and parasitic drag is practically unavoidable in 
their design. Nevertheless, it was found in Spain that the 
Fiat CR 32s, despite their.struts and unsupercharged en 
gines, could, under suitable conditions, quickly pick up 
enough speed in a dive to engage monoplanes capable of 
much higher speeds than themselves in level flight. 

Manceuvrability of the biplane is generally superior to 
that of the monoplane, and take-off and rate of climb also 
are frequently better, but machines of the type would have 
great difficulty in catching a modern monoplane bomber, 
and accordingly have come to be regarded as ‘‘ dog 
fighters ’’ rather than ‘‘ chasers.’”’ 


Low Wing Handicaps 

One recalls a review of fighter design which stated that 
the low-wing monoplane layout was favoured by designers 
On the contrary, although the great majority of present 
day single-seaters are of low-wing design, this arrangement 
is an enforced one. Aerodynamically, it compares un 
favourably with mid- or high-wing schemes, and on certain 
designs interferes seriously with the pilot’s field of vision. 

Mr. Koolhoven, whose F.K. 58 fighter, as used by the 
French, is more of a mid- than a low-wing machine, 
maintains that the low-wing arrangement makes for in 
ferior flying and turning qualities. Some time ago he pro 
duced a high-wing cantilever monoplane fighter in which 
the pilot was seated forward of the wing This, said Mr 
Koolhoven, handled very well, but development was dis 
continued because the French Lorraine works were unable 
to give delivery of Sterna engines with shaft drive. Had 
the design progressed, it might, with its engine over the 
c.g., excellent visibility, and coaxial airscrews, have beaten 
the Bell Airacobra to the title of the most revolutionary 
single-seater single-engined fighter. 

The high, cantilever wing renders imperative the forward 
seating of the pilot, for unless an abnormally thin wing 
section is employed, vision is unconscionably bad, due to 
the thick centre portion of the wing. Thinned inboard 
sections and ‘‘ gulled ’’ wings cannot be dissociated from 
strut bracing, and that, in these days, puts a fighter at a 
very great aerodynamic disadvantage. It will generally 
be found that improved vision spells reduced performance 

As speeds increase, aerofoil sections will have to be 
made thinner, and, if not symmetrical, even further 
reduced in camber. This may lead to some knotty in 
stallation problems 

In considering fuselage design we must bear in mind 
the new ‘‘twin-tail-boom’’ fighters which accommodate 
the pilot in a central nacelle. Although this layout is 
usually adopted to allow the use of a pusher propeller, 
as on the Fokker D.23 and the Focke-Wulf Fw 1098, the 
Lockheed Company has seen fit to apply this scheme to 
its XP-38 fighter, which has two outboard tractor air 
screws. Wetted area is probably greater than with a 
normal fuselage; one has only to compare the “twin 
hulled ’’ Lockheed with, say, the Focke Wulf Fw 187 of 
more normal design for a demonstration of this. 

Like all other components, the fuselages of the fighters 
vary remarkably in design. Some are fat; others slim 
Some smooth; some angular. Although view, equipment 
and tankage installation are important considerations, the 
chief factor governing the shape is the engine; hence the 
svelte line of the Spitfire with its Merlin in-line engine 
(frontal area 5 85 sq. ft.) and the ‘‘ streamlined barrel’’ 
of the Brewster F2A-1 which, being built to a U.S. Navy 
specification issued some time ago, had a Wright Cyclone 


A selection of biplane fighters. From top to bottom they 
are :—the Gloster Gladiator (Gt. Britain)—the machine is 
shown with Latvian markings ; the Gregor FDB1 (Canada) ; 
Fairey Féroce—née Fantome (Anglo-Belgian) ; Praga E.45 
(Bohemia-Moravia) and Fiat C.R. 42. As may be deduced 
the Canadian machine is the most recent. 
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single-row radial with a frontal area of 16.5 sq. ft. (We 
hasten to explain that this comparison is purely illustra- 
tive. The single-row Cyclone is virtually out of date for 
high-speed fighters, having been superseded in the U.S. 
Navy by two-row radials of greater power and smaller 
diameter.) A point not to be overlooked in the design 
of the Brewster, nor, for that, matter, in the Grumman 
F4F-3, is that the large cross-section permits the retrac- 
tion of the wheels into the fuselage. 

The fighter is at a disadvantage in comparison with the 
racer in that the design of the cockpit enclosure is in- 


(osm 


to permit the use of a reflector sight and may be further 
marred aerodynamically by ‘‘armouring.’’ In many 
designs rearward view is practically nil, but in others, 
notably the Bell Airacobra, a finely streamlined enclosure 
—virtually a complete transparent fairing for the pilot’s 
head—has been incorporated. The Curtiss fighters also 
display an interesting form of enclosure in which the rear 
armoured bulkhead has cut-outs associated with a trans 
parent fairing behind each of the pilot's shoulders. The 
installation of complete rear armour will, of course, affect 
rearward vision and enclosure design. 





fluenced by military requirements. 


The windscreen, 
example, may have a flat panel of optically perfect glass 


for 


Protection 
‘crash pylon 


in a crash—by 


SINGLE-SEATER FIGHTERS 


Single-Engined Monoplanes 


a strengthened bull:head or 
"and ease of exit in an emergency, must 
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-) S : 
: _ | Wing z = Max. At- 4 
Designation of Wing | Load-| Gross 8 $ | Rated | Speed tained Climb Service Typicai = 
Aircraft Span | Area| ing | Weight PA Engine Type 0 | Power At + ; Ceiling | Armament . 
o n 
ft. in. | sq. ft Ib. lb. Ib. h.p. |m.p.h ft tt min tt 
GREAT BRITAIN sa. ft 
Gloster F.5/34.... 38 2 230 23.4 5,400 Bristol Mercury IX A 825 | 315 16,000 | 20,000 11 32,500 | 8 remg PO 
Hawker Hurricane | 4 0 257.5) 24.7 | 6,360 | 1,625 | Rolls-Royce Merlin III L 990 | 335 17,500 | 19,680 32,000 | 8 remg is 
Supermarine Spithre | 3% 10 242 24.4 5,900 — Rolls-Royce Merlin L 990 | 367 18,400 - — - 8 rome Is 
F 
Bloch 151 .. 34467 186.4 | 31.5 5,845 1,468 | Gnéme-Rhéne 14N A 870 | 304.3 16,400 | 16400 6 - 2 s¢ 2 rome IS 
CA.0.200 . 31 2 «| 143 _ _ — | Hispano-Suiza 12Y.31 L 860 | 335 19,680 | 19.650 7.9 32,000 | I sg 2 reme PO 
Caudron C.714 29 6 135 28.7 | 3,850 770 | Renault 12 Roi A 450 | 302.4 13,120 | 13120 6.75 | 29.850 | 4rcme Is 
Dewoitine D.520 . 33 «5 150.7 | 32.20) 4.850 a Hispano-Suiza 12Y.29 a 910 | 341 13,120 | 13,120 39 3,000 | | sg 2 reme Is 
Morane-Saulnier M. S. 406 5 0 194 235.59} 4,960 1,021 | Hispano-Suiza 12 Ygrs L 860 | 310 14700 | 16.400 65 —_ 1 sg 2 rome Is 
AMERICA 
Curtiss P-36A (Hawk tad 37 3 2% 24.1 5,692 — P. and W. Twin Wasp A 900 | 310 — _ oa ~ 6 rome IS 
Curtiss Wright C.W.21 36 0 174.3 | 23.48) 4,092 1,042 | Wright Cyclone G5 A 850 | 304 i 17,000 6 35,000 | | Ibmg I reme | AO 
North American NA-50 . 37 «0 230 23.2 5,352 1,230 | Wright Cyclone G203.. A 850 | 295 9,500 | 10,000 3 32.000 | 4 reme Is 
Republic P-35 (E.P.1) 3% O | 225 | 25.5 | 5731 | 1,320) P ra Twin Wasp | A 900 | 315 _ - — 31,500 | | ee lreme | IS 
( tane). 
Vought V.143 33 6 187 | 23.4 | 4,370 be) Ps and W. Twin Wasp | A 750 | 300 ~—s-'11,000 — 30,600 | 2 rome AO 
unior. 
Bell P-39 (Airacobra) 34 0 | 212 | 283 | 6,000 — Allison V-1760 L 1,100; — _ _ _ _ | sg 4 reme IP 
Vultee Vanguard % 0 196.7 | 30.6 | 6,029 | 1,372 | P. and W. Twin Wasp A 1,200 | 358 15,600 - = 34,300 _ IP 
GERM. 
nee +) 3% 2 183 | 27.1 | 4.960 380 | Junkers Jumo 210G L 600 | 317 15,420 | 19.700 9.5 31,000 | 2 sg 2 remg OF 
Heinkel a. oon 3 2 183 | 27.1 | 4,900 772 | Daimler-Benz DB 601A .. z. 1,000 | 354 12,300 | 19.700 7.5 31,000 | 2 sg 2 remg lt 
nies Me.109 32 6 176.5} 31.4 | 5525 | 1,340 | Daimler-Benz DB 601A . Ss 1,000 | 354 =: 12,300 - - 33,000 | | sg 2 remg I> 
BOHEMIA-MORAVIA 
Avia 35... ane ~ 35 6 183 | 26.5 | 4.850 | 1.124 | Avie Hs Y ... L 1,000 | 348 - = — = 1 sg 4 reme PO 
ITALY 
FiatG.50 ... one 3 2 197_| 268 | 5,290 | 1,763 | Fiat A.74Re.38 A 850 | 299 14.760 | 16.400 52 32,500 | 2 Ibmg Is 
Macchi C.200 34 8 | 180.7) 26.7 | 4,840 946 | Fiat A.74Rc.38 A 850 | 313 —s-15,745 | 19.680 65 32,000 | 2 lbrng iS 
Ro.5! eae mS - -_ 4,629 948 | Fiat A.74Re.38 A 850 | 304 = 16.400 | 19.680 7 _ 2 lbmeg is 
H 
Fokker D.21 a % 0 174 | 25.9 | 4,510 | 1,265 | Bristol Perseus X .. A 880 | 29 - 22,960 10.1 33,130 | 68 IS 
Koolhoven Fk.55 ... 31 172 | 29.2 | 5,027 — | Lorraine Sterna » 1000 | 348 = 11,810 | 26,240 128 33,130 | | se 4 rcmg PA 
Koolhoven Fk.58 ... % 186 | 29.59) 5511 | 1,543 | Bristol Taurus A 900 | 320 =—:'16, 100 | 22.970 92 32,800 remg IP 
BELGIUM 
Renard R.37 one «. | 38 2 | 215 | 25.31] 5.412 | 1,430 | Gnéme-Rhéne 14N-21 A 1,050 | 327. 16,400 | 16,400 5.25 = 4 Ibme NP 
Renard R.38 ese --- | 38 2? | 215 | 26.65} 5,720 | 1,430 | Rolls-Royce Merlin L 990 | 338) =: 19.680 | 16.400 53 _ 4 lbmg NP 
R' 
LA.R.80 32 10 167 | 30.17| 5,040 | 1,110 | LAR. Ki4 A 940 | 317 13,120 | 16,400 6 34,500 | 4 rcmg NP 
Ikarus 1K.2 37 4 194 | 22.06} 4,280 | 1,098 | Hispano-Suiza 12 Yers L 860 | 268 16,730 | 16,400 53 - | sg 2 rome oP 
ahs IK. “hs 369 = _- 5,280 — | Hispano-Suiza 12Y-29 Se 910 | 327 —s-:117,880 | 16,400 7 ~ | sg 2 rome IP 
Twin-Engined Monoplanes 
Fokker D.23 4 Uv | 226 | 336 | 7,006 | 1,749 oo Delta RC | A 1,400 | 342 - 16,400 68 31,170 | 2lbmg 2 remg | NP 
AMERICA | 
Lockheed 322-61 ... » 2 - - - — | Allison V-1760 L | 2,000 | 404 ~ = -_ 28.000 = IP 
Single-Engined Biplanes 
T BRITAIN 
Gloster Gladiator ... «- | 32 3 | 323 14.7 | 4,750 — | Bristol Mercury IX A 825 | 250 15,500 | 15,000 58 32,800 | 4 rcme Is 
CANADA 
1 ot een 23 0 194 | 21.8 | 4,232 — | P. and W. Twin Wasp Jr A 750 | 300 7,500 - _ 32,800 | | Ibmg | remg | NF 
AMERICA 
Grumman F3F-2 ... 32 0 260 175 4,553 | 1,338 | Wright Cyclone A 750 | 270 _ _ - 32.000 | 2 remg AO 
ITALY 
Fiat C.R.42 31 0 _ _ _ _ Fiat A.74R. IC.38... A 840 | 272 12,465 | 19,680 8.6 32,800 | 2 rome Is 
: BELGIUM 
Fairey Féroce 346 _ - 4,120 - Hispano-Suiza 12 Yers l 860 | 270 13,100 | 13,120 56 35,000 | I se 4 rem oO 





A—air cooied: AO—availabie to order 


1P—.n production ; 
P and 


L—tiquid cooled ; 
W—Pratt and W hitney : 


Ibmg—large-bore machine gun. 
remg— rifle-calibre machine gun ; 


sg—shell-gun 


NP—new prototype: OP—out of production 


PUO—prototype only 
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grounds, makes tor cheap, rapid production as 
it enables the complex military equipment to 
be quickly installed. 

The limitations imposed by fabric may be 
overcome by the introduction of some other 
form of covering over the open girder struc 
ture. Plastic sheet or plywood are suggested 
In this connection the wing covering of the 
Morane 406 and Avia 135 are worthy of men 
tion. This is ‘‘Plymax,’’ consisting of two 
plies, one of plywood and the second (placed 
on the outside) of aluminium. An excellent 
surface finish is obtainable 











860 H.-P. 
LORRAINE 
12 CYL ENGINE 


The two line drawings show how shell-firing 
gums can be arranged to fire through the air- 
screw hub when a shaft drive from the engine 
is employed. Above is shown the installation 
on the Koolhoven F.K. 55 while on the right 
is a sketch (details unconfirmed) showing the 
arrangement on the Bell P.39, or Airacobra. 
Although the Hispano Suiza is probably the 
best-known moteur canon, the German Junkers 
and Daimler-Benz engines can also accommo- 
date shell-guns. Below is the nose of a 
Messerschmitt Me 109 showing the hole in the 
spinner for the shell-gun 























The rapidity and cheapness of wooden construction is 
an argument invariably put torward by the school which 
advocates light, low-powered fighters. The best exampl 
of this type in service is the Caudron Cyclone, with 450 h.p 
inverted vee-twelve Renault engine—a low-wing mono 
plane capable of about 300 m.p.h. and having a conven 
tional plywood-covered two-spar wooden wing and a 
wooden box-type fuselage with magnesium-alloy fairings 

There are reports that the Hughes racer, which in 1935 





also be given consideration. Probably the laterally hing 
ing roof is to be preferred to the fore-and-aft type. The 
Bell Airacobra has doors in the sides of the fuselage. 

Particularly in these days, when large numbers of high- 
performance fighters have to be built in a very short time, 
aerodynamic questions must be studied with careful 
reference to structural considerations, though if proper 
judgment is not exercised a ‘‘ good production job"’ may 
turn out to be an aerodynamic monstrosity. Structural 
design is further complicated by the necessity for providing 
inspection and access to doors, wheel wells, gun ports, 
etc., which, although seemingly trivial, present great 
problems in a machine of small overall dimensions, par- 
ticularly if stressed skin construction is employed. Gun 
recoil has also to be considered. 

We have insufficient space to review in detail the various 
structural possibilities, but briefly the main varieties as 
applied to fighters are: all wood ; a tubular metal girder 
framework with fabric, light metal or ply covering; a 
girder-type fuselage in conjunction with a stressed-skin 
wing ; and complete stressed skin. The last-named is now 
the most generally used for high-speed fighters. The fabric 
covered system, although undesirable on aerodynamic 





























A view of the cockpit of the Vickers Supermarine Spitfire 
eight- gun fighter. All eight Brownings are fired 
simultaneously by a button on the control column. 
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broke the world’s landplane speed record by attaining 
352 m.p.h., is being converted into a fighter, and that 
plastics will be used in its construction to an unprecedented 
extent. 

Excepting possibly dive-bombers, fighters must be the 
strongest of all military aircraft. A C.P.F. factor of 14 
is not uncommon nowadays. Speeds of considerably more 
than 500 m.p.h. are frequently reached in diving tests, 
and although little data has been published in this country 
it is known that a French Curtiss Hawk 75A, during 
acceptance tests in America, attained at least 575 m.p.h. 
rhere is great insistence on diving powers in fighters 
because modern fast bombers approach so nearly the per- 
formance of fighters that every m.p.h. which can be picked 
up in the dive is important to a high-flying machine ou 
patrol, though eventually it may be necessary to limit 
the diving speed by air brakes as on dive-bombers. There 
is also the possibility that a fighter may have to engage 
a dive-bomber after the former has entered its dive. 

Second only in importance to the reduction of wetted 
area is the improvement of surface texture. The benefits 
of countersunk riveting and butt jointing are, unhappily, 
largely offset by the application of rough, non-reflecting, 
camouflage finish and national markings. In the neigh- 
bourhood of enthusiastic anti-aircraft detachments these 


ARMAMENT AND ARMOUR 


The sketch above shows the disposition, in relation to 

the pilot’s cockpit, of the nose armament of one 

version of the Fokker G.1. The large guns are 

23 mm. shell-firing Madsens and the smaller ones 
rifle-bore Madsens 


From top to bottom the rifie-calibre machine guns 
Shown above are the Madsen (Denmark); Rhein- 
mettal-Borsig (Germany) ; Breda S.A.F.A.T. (Italy) ; 
and Browning (U.S.A.) 









The armour-plate bulk- 
head behind the pilot’s 
seat of a Curtiss Hawk 
754A. 
machine is used by the 
French Air Force 






Above is an example of a drum-fed and 
a belt-fed shell-gun. The drum-fed gun 
(upper) is the 23 mm. Oerlikon and the 
belt-fed weapon is a 23 mm. Madsen 
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The Curtiss-Wright C.W. 21 1s a light but powerful singie- 
seater designed primarily for rapid climb. It is claimed to 
reach 20,000 ft. in six minutes 


latter may be as effective in saving a fighter from destruc 
tion as its speed, manceuvrability and fire-power in combat 

While on the subject we may record the reappearance 
of the red, white and blue stripes on the tails of our 
fighters in France. These markings were officially aban 
doned several years ago on the grounds that they inter 
fered with mass balancing! 

Beneath the clean exterior of the modern fighter is what 
appears on sight to be chaos. Apart from elaborate sys 
tems of piping, gearing, etc., associated with essential parts 
of the aircraft (e.g., undercarriage retracting mechanism, 
pitch and flap controls), there are dozens of other elaborate 


This type of 





Above) Ao.5-in. Brown- 
ing gun (left) and a 
0.3-in. Browning syn- 
chronised to fire through 
the airscrew on a Re 
public E.P.1. 


On the left is a free 
firing 0.5-in. wing gun 
with cartridge collector 
also on the E.P.1 
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installations. Primarily there is the armament which we 
shall later give special consideration. Then wireless ; 
night-flying gear; oxygen breathing apparatus; cockpit 
heating; armour plating; a reflector gun sight; pyro 
technics; possibly flotation gear; and perhaps a special 
tank for 100 octane fuel or, in the case of a direct-injec 
tion engine, a supply of ether and petrol for quick start 
ing. 

Transport practice is apparent in the instrument layout 
of some new American fighters. For example on the 
Curtiss Wright 21 intercepter there is a ‘‘ tell-tale’’ panel. 
This system incorporates a visual signal which not only 





Rearming a Messerschmitt Me 109 single-seater fighter, the 

standard machine of its class in the German Air Force. The 

majority of Me 1ogs so far encountered have carried four 

machine guns, though a number have been armed with one 
shell-gun and two machine guns. 


immediately attracts the pilot’s attention to improper 
operating conditions, but indicates specific items at fault 
Eight sets of lights in the panel indicate for low fuel and 
oil pressures, lean mixture, low airscrew r.p.m., high 
blower ratio, ‘‘flaps down,’ “‘landing gear up,’’ and 
‘* tank selector off. 

A great deal of weight and complication is accounted 
for in a fighter by the power plant installation. The 
engine of a single-seater, with accessories, airscrew and 
fuel, may represent something like half the all-up weight 
and complication is still on the increase. 

Twin-engined single-seaters have been built for several 
reasons. One advantage of first importance is the pos 
sibility, should the power units be mounted on, or in, the 
wings (or be ‘‘ buried "’ in the fuselage, driving outboard 
airscrews through shafting) of installing comparatively 
heavy shell-firing guns in the forward part of the fuselage 
where their weight is more conveniently disposed than in 
an outboard installation on a single-engined tractor 
machine. Moreover, the tendencies toward reduction in 
span and increase of airscrew diameter raise additional 
problems in connection with wing-mounted armament 

Access to the breeches of centrally-mounted guns is also 
feasible and there is the possibility, when the engines or 
airscrews are outboard, of improving the pilot’s forward 
and downward view, though lateral vision is likely to suffer, 
particularly if conventional radial engines are specified 

Another incidental advantage of the twin-engined or 
** outboard-airscrew '’ design is the comparative ease of in 
corporating a retractable nose wheel, though, as demon- 
strated in the Bell Airacobra, with a single in-line engine 
**buried ’’ over the c.g., this is not altogether impossible 
in a single-engined layout. 

In the case of long-range single or multi-seater fighters 
the extra safety afforded by two power units is not to be 
overlooked. Designers may also benefit from the adoption 
of twin engines for they will not be limited to the power 
offered by the most powerful unit available. Manoeuvr- 
ability can often be enhanced by the use of opposite-rotat- 
ing airscrews. 
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As for the engines themselves they must have some 
special characteristics if the highest efficiency is to be 
attained. Low weight per h.p. is perhaps more essential] 
than in other classes of aircraft; small frontal area is 
another factor of extreme importance. In a lecture at the 
1938 Conference of the Lilienthal Gesellschaft, Dr. Heinkel 
stated that 1,800 h.p. could be put behind an area of 
10 sq. ft. This figure has been considerably improved 
upon since the lecture. 

Supercharging is of primary importance, for a fighter: 
must always ‘‘ have the edge over other types in ceil 
ing and climb and speed at height. ['wo-speed super 
charged engines which render a high take-off output com 
patible with power at altitude have not yet been so widely 
adopted for fighters as for other classes of military air 
craft, but these will undoubtedly come more into promin 
ence, 

The ding-dong battle between air and liquid cooling 
continues. The introduction of the Rolls-Royce Kestrel 
series of liquid-cooled vee-twelve about ten years ago 
enabled Great Britain to build the world’s fastest fighters 
America, at that time, was in the throes of a pro-radiai 
reaction despite the fact that the Curtiss D-12 had enabled 
American manufacturers (and the Fairey Company) to 
build some outstandingly fast machines. When the Hurri 
cane and the Spitfire, mounting the more powerful Merlin 
demonstrated such high performances the U.S. Govern 
ment sponsored the development of the Allison liquid 
cooled engine and the pendulum swung—quite decisively 
it seemed—towards the ‘‘ wet-nosed ’’ fighters. But more 
recently Pratt and Whitney have developed their Doublk 
Wasp two-row radial with extension shaft and _ have 
obtained an exceptionally low drag. This combination is 
installed in the Curtiss P-42 and the Vultee Vanguard 
either or both these machines may before long be seen 
operating in Europe against the Messerschmitts and 
Heinkels which, of course, are built round liquid-cooled 
vee-twelve engines. 


Engine Layouts 


A promising engine layout for the light fighter is th 
air-cooled inverted-vee exemplified by the Renault in the 
Caudron Cyclone. The vee-twelve Walter Sagittas in the 
Fokker D.23 have similar characteristics but are regarded 
as expedients Liquid-cooled vee-twelves and two cr 
multi-bank radials are likely to retain their popularity for 
some time, particularly for twin-engined machines, but 
we may expect H- or V-shaped engines of 1,500-2,000 h.p 
or more for use in single-engined machines. 

‘“‘ Ejector ’’ exhaust systems can be made to benefit both 
liquid and air-cooled engines, while ducted radiators for 
liquid-cooled units account for a measure of the perform 
ance obtained with the Hurricane and Spitfire. An inci 
dental problem to be overcome in installing engines in 
fighters is the damping of exhaust flames in order that 
the pilot may not be dazzled at night 

A basic design of fighter may be progressively adapted 
to take more powerful engines. In three years since th 
start of the design of a well-known single-seater there ws 
an increase of 40 per cent. in engine power and a 30 pet 
cent. increase in power-plant weight, justifying the original 
decision to build a machine of sufficient size and strengt 
to accommodate larger units. 

The increase in airscrew diameter to absorb the powet 
of modern engines is a serious consideration, particularly 
in the design of high-speed single-engined fighters. Four 
bladed or twin co-axial airscrews (‘‘contra props ’’) now 
under development promise well and should go far toward 
preventing the adoption of very ‘‘stilty’’ undercarriages 

An airscrew pitch range of about 25 deg. is required on 
a fighter with an engine of 1,100 h.p. to give the best tak: 
off and climb and yet to place no undue strain on the 
engine in prolonged dives. Increased power, higher 
degrees of supercharging, and greater diving speeds will 
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A projected design by Vultee 
for a single-seater fighter 
with two Allison vee-twelve 
engines. The armament 
visualised is four shell-guns 
grouped in the nose. The 
machine will qualify better 
than the Dornier Do 17 or 
the nickname “flying 
pencil.’” On the face of 
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things the torsional strength 
of the rear fuselage is to 
be questioned. 


impose even more stringent demands on airscrews, though 
these should be met by constant-speed designs. It is 
claimed that when an American fighter was dived up to 
a speed of 575 m.p.h. (from 22,000ft. to 9,o00ft.) the engine 
never exceeded its normal rated 2,550 r.p.m. A four- 
bladed version of the electrically controlled Curtiss air- 
screw is being tried out on a machine of similar type. 
In certain installations the design of the airscrew must 
permit a fuselage-mounted shell-gun to fire through the 
hub. There are a number of designs which make this 
possible (e.g., Ratier and V.D.M. and a new secret Curtiss 
developed for the Bell Airacobra). : 
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The primary armament of the present-day single-seater 
fighter is a number of fixed guns. These may be classed 
according to whether they use ball ammunition or are able 
to fire explosive shells. The term ‘‘ machine gun’’ will be 
used for the former class, while the shell-firing weapons 
will be known as “‘shell-guns.’’ It must, however, ve 
borne in mind that the majority of modern shell-guns are 
virtually large-bore machine guns firing explosive ammuni 
tion. 

Although many encouraging successes have been 
achieved by our Hurricanes and Spitfires, which have eight 
small-bore Browning machine guns, it is recognised that, 
provided it is hit in non-vital parts, the modern stressed- 
skin bomber can take a large number of rifle calibre bullets 
and stand a good chance of returning home. Coupled with 
the fact that armour will undoubtedly be encountered in 
increasing quantities, this means that the future of the 
large-bore shell-firing gun is assured. The rifle calibre 


The Flight drawing below depicts the Fokker D.23 singie- 
seater twin-engined fighter which, fitted with Isotta 
Fraschini Delta engines, is claimed to have a top speed 
of 342 m.p.h. More powerful engines are visualised. 
The airscrews rotate in opposite directions, com- 
pensating torque and gyroscopic form 
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short range; beyond this th: 
trajectory drops sharply rhe path of a 0.5in. or 13.2 mm 
bullet is much flatter, but in spite of the fact that the 
ammunition for these calibres can be made explosive little 
interest has been shown in this country in guns of this 
bore, though Hispano-Suiza shell-guns of at least 20 mm. 
bore are being made. 

The advantages of larger calibre are obtainable only at 
the expense of number of guns, rate of fire and amount of 
ammunition carried. For a weight of about 150lb. it is 
possible to fit two rifle-calibre guns with 800 rounds (400 
each) ; or one 0.5in. gun with rather more than 200 rounds ; 
or a 20 mm. shell-gun (with a comparatively short barre! 
and low muzzle velocity) with 50 rounds. 

In a typical high-powered fighter any of the following 
combinations might be installed :— 

1. Eight small-bore machine guns (7-8 mm.) with 500 
rounds per gun. 

2. Four 13.2-mm. large-bore machine 
rounds per gun (explosive ammunition). 

3. Two 20- or 23-mm. shell-guns with 60 and 100 
rounds per gun respectively, plus two small-bore machine 
guns with 450 rounds each; or 

4. Four 20-mm. shell-guns with 60 rounds per gun 


gun is effective only at 


guns with 250 


Gun Recoil 


The recoil of such heavy armament naturally affects th 
flight of a fighter. The simultaneous firing of eight machine 
guns, for example, may cut down the speed of a 350 m.p.h 
fighter by about 30 m.p.h. and be accompanied by the 
dropping of the nose. The first installations of twin shell 
guns were tried out with some misgivings, but it was found 
that the recoil force of about 470 lb. was by no means 
violent, which is understandable when one considers a 
machine weighing about 6,co0o Ib. travelling at 450 ft. /sec 
in the opposite direction to the recoil. A slight forward 
acceleration is experienced when firing is stopped and a 
misfire or jam of the gun on one side does not affect the 
flight path unduly. 

Little information is available on the latest fixed-gun 
sights which are supplementing and superseding the ring 
and bead and tubular optical sights. In the modern 
electrically illuminated reflector sight cross lines are pro 
jected in front of the pilot’s eyes and can be adjusted with 
reference to range and size of target 
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Armour plating is being installed in fighters in addition 
to self-sealing fuel tanks. In a tractor aircraft the engin 
is used for protection and the armour is concentrated at 
the rear of the cockpit and at the sides. It 
the Rolls-Royce Company that vee or ‘‘H”’ engines ar 
comparatively easy to armour. Owing to the inclination 
of the cowling to the line of flight of projectiles the thick 
ness of the plate can be reduced very considerably ; in 
fact, it is not considered necessary to provide half-inch 
armour steel all round the cowling as } to }in. will prob 
ably be ample to protect the engine against large-bor 
machine gun bullets. The French expert Rougeron esti 
mates the weight of armour at go-110 lb., which should 
not affect appreciably the performance of a modern singk 
seater. Radiators can be protected or ‘‘ buried’’ in thx 
fuselage, while petrol tanks (which, as inferred, may be 
of the self-sealing variety) if placed behind the engine and 
under the armoured cowling are fairly safe from incendiary 
bullets which have comparatively low penetration 

Anti-aircraft bombs, which can be dropped by fighters 
on formations of large aircraft have not yet come into 
prominence, though it must be remembered that durin; 
the Spanish Civil War were fighter 
During Herr Hitler’s visit to Italy he was shown 
a simulated bomb attack by fighters on bombers rhe 
fighters crossed the path of the latter about 3o0oft 
them, dropping their bombs so as to explode in the air 
immediately in front of the formation Ihe explosion of 
the bombs was rendered visible by smoke puffs and it 
stated that the accuracy was such that the explosions woul 
at least have forced the bombers to deviate to such a1 
extent that an effective attack would have been impossib! 
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Multi-Seater Fighters 


already made on structure 


would apply to the twe 


In the main, the remarks 
performance, 
seater fighter This class has taken on a new 
in this country with the introduction of multi-gun power 
driven turrets, though abroad it has developed along more 
ind foreign machines, generally speaking 
have the majority of their armament 
fixed, the occupant of the back seat 
having only one or two machine 
on a manually operated mounting 
though the Italian Breda 65 and th 
Republic 2 PA-2 can be adapted to 
take a turret 

None of these machines, however 
has been built round a turret like the 
Boulton Paul Defiant (adopted as a 
‘tandard type by the R.A.F.) and the 
Hawker Hotspur The armament in 
these machines is concentrated in the 
turret. Obviously, such aircraft would 
be extremely useful for attacking 
formations of bombers (which might 
be poorly armed in the nose) by flying 
ahead of, and below, them and firing 
rearward and upward. The attack 
from the side is also possible and might 
give good results as a _bomber’s 
armour is concentrated across the fuse 
lage. 

Despite the publicity given to Ger 
many’s Messerschmitt Me 110, twin 
engined fighters seating two or three 
have been carefully studied in 


armament, et 
lease of life 


orthodox lines 


guns 


most 


The upper of these two foreign two- 
seater fighters is the American Re- 
public 2-PA as supplied to Sweden 
It has heavy fixed-gun armament and 
one free gun on a manually-operated 
mounting. The rear cockpit fairing 
is retractable. The machine with the 
turret is a version of Italy’s Breda 65 
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7oo h.p. each, but it is significant that the Breguet has been 
fitted experimentally with units of 1,000 h.p. and with this 
power has been classed as a specialised fighter. When 
carrying three people the multi-purpose machines are some 
times referred to as “‘ fighter command”’ aircraft (avions 
de commandement de chasse), i.e., they are equivalent in a 
sense to flotilla leaders in a squadron of naval destroyers 

Armament of the multi-purpose machines when used as 
three-seaters is normally two 
20 mm. shell-guns and a 
machine gun, but the Hanriot 
is equipped with three shell 
guns and two machine guns. 

It is commonly inferred 
that twin - engined multi 
seater fighters are automatic 
ally suitable for escort work 
because they usually have a 
comparatively long range 
Flight has previously empha 
sised that the escort problem 
centres not round range but 
armament. Let us consider 
the types of fighter available 
for the work: (1) The single- 
seater with fixed armament ; 
(2) the two-seater with fixed 
and free (manually trained), 
guns ; (3) the two-three-seater 
with armament concentrated 
in a power-driven turret ; and 
(4) the multi-seater multi 
turret machine. 

The single-seater, it is con 
sidered, is suitable only fo 
short-range escort work as a 
heavy fuel load will place it 
on unequal terms with short- 
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Gt. Britain has set a new style 
with her turret fighters. Above 
is the Hawker Hotspur and 
below the Boulton Paul Defiant 
which, with its four-gun 
Boulton Paul turret has been 
adopted as a standard type by 
the R.A.F. 


A better proposition would appear to be the “ turret ”’ 
fighter as exemplified by the Defiant and Hotspur, or the 
large multi-turret machine, which might resemble a long 
range bomber. 

A unique type of multi-seater fighter for attacking 
bombers (the nature of its armament renders it unsuitable 
for escort work) is the Bell XFM-r1 (Airacuda) fitted with 
two Allison engines driving pusher airscrews. In the nose 















[em MARCH 14, 1940 
















FIGHTERS (CONTINUED) 





of each nacelle is a 37 mm, shell-gun which is trained by 
a gunner seated directly behind it. Alongside each of these 
weapons is a machine gun; large-bore machine guns are 
also carried in fuselage ‘‘ blisters.’ This machine is the 
largest fighter now flying and is among the first to be 
designed with cabin supercharging in view 





The fighter version of the Italian Breda 88 has three large- 
bore Breda S.A.F.A.T. machine guns in the nose. 





The graceful twin-engined monoplane above is the fighter 
version of the French Potez 63. Beneath the fuselage may 
be discerned the fairings for two 20 mm. shell-guns. 





The little Polish P.A.L. Wilk twin-engined fighter has one 

20 mm. shell-gun and two rifle-bore machine guns in the 

nose and two manually-trained machine guns in the rear 
cockpit. 








The largest specialised fighting aircraft in the world is the Bell Airacuda which has two 37 mm. shell-guns in the nose 
of the engine nacelles and four machine guns. The line drawing shows a projected development, or adaptation, with revised 
armament arrangements 
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1owever, demands specialisation. 


operation squadrons are short-range 
artillery spotting, the attack of 
ground targets with light 
bombs and machine guns, 
communication with advanced 
posts, general liaison work 
ind, perhaps, supply-drop 
ping. 

' Primary considerations in 
the design of a machine to 
undertake these duties are a 
good speed range (necessary 
not only for artillery spotting 
uut for operation from small 
reas), exceptional visibility 


An underslung transparent com- 

partment for the observer has 

been developed for the Fokker 
G.1, as shown below 
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ARMY CO-OPERATION 





. has been explained that for deep reconnaissance flights 
a normal fast bomber or multi-purpose machine is 
quite suitable. Close co-operation with ground forces, 


As understood in Great Britain the duties of army co 


reconnatssance 





mn 


The Westland Lysander II, an outstanding example of a single-engined army co-operation machine. It is armed with three 


machine guns and powered with a Bristol Perseus XII sleeve-valve engine. The stub wings will carry bombs or supply containers 


New Tactics May Result in Further Specialisation : Wide Speed Ranges 
The Problem of Visibility 


of maintenance in the field 


Observation flights from a comparatively low altitude 
have been rendered extremely dangerous by the improved 
accuracy of anti-aircraft fire. It has been suggested that 
these flights should be made at a high altitude, alternating 
with high-speed dives to within a few feet of the ground 


Provided the information re 
quired is fairly simple (e.g., t« 
ascertain if the enemy is 
occupying a certain position or 
if advance forces have reached 
a certain point), these dives 
have been proved successful 


despite the high speed In 
this connection we may recall 
that R.A.F reconnaissance 


The Hanriot 510 is another 
Continental type with an ex- 
ternal observer's compartmen' 


A deep fuselage with a camera 

aperture and observation win- 

dows characterise the North 
American 0-47 
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The Polish P.Z.L. Mewa (top) is distinctly ‘‘ Lysanderish.’ 
Below is Germany’s Henschel Hs 126, a standard type in the 
Luftwaffe. 


machines have obtained good results by flying across enemy 
aerodromes at high speed and low altitude, pictures being 
taken with an ordinary Leica camera. After the observa- 
tion dive it is necessary, of course, to climb very rapidly 
to escape the anti-aircraft fire. 

Artillery observation is considered by many experts to 
demand two different types of aircraft. The first would 
be a light machine, possibly a “‘ private owner’’ type with 
two seats, wireless equipment and no armament. This 
would observe artillery fire three or four miles over th 
lines from about 2,oo0oft., being defended by machine guns 
attached to the battery for which it is spotting. A slow 
forward speed is essential not only to facilitate spotting but 
in order to make it possible to land near the batteries 

Germany already has many such machines in use 
Fieseler Storch), and America is also demonstrating 
interest 


Rotating Wings 

Rotating-wing aircraft are advocated in many quarters 
tor similar duties. These machines are capable of estab 
lishing direct communication with the ground and might 
be useful for conducting troops on the march. Their value 
it is considered, would be further enhanced by their ‘‘road 
ibility." The fact that they cannot defend themselves 
from overhead attacks might not be of great importance 
provided they were protected by ground fire. 

Incidentally, in the Polish campaign a group of German 
slow-flying Fieseler Storchs were used for the bombing ef 
1 wood held by the Poles and the opening of a way for 
in advance by German tanks 








Outstandingly fast among army co-operation machines, 
despite its excellent speed range, is the Bristol 148. 





The army co-operation machines shown above are, from 

top to bottom, the Ro 37 (Italy); I.A.R. 39 (Rumania) ; 

Anbo 41 (Lithuania) ; Douglas 0-46-A (U.S.A.); North 
American 0-47 (U.S.A.) ; and Renard R.31 (Belgium). 
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Good visibility commends the layout of the Praga E.210 
pusher for a light army co-operation machine. 





For the observation of artillery fire up to, say, fifteen 
miles behind the lines, a heavier and faster machine is 
considered necessary. A French writer considers that this 
might follow the layout of the Potez 63, a twin-engined 
three-seater, fast and manceuvrable, and armed with two 
fixed and two free machine guns. 

France is certainly using her Potez 63s for reconnaissance, 
but it is not certain that these machines are used for 
artillery spotting. At the moment the aircraft used by the 
world’s air forces for this latter duty are mainly single- 
engined two-seaters. The high monoplane wing is favoured 
as good visibility is essential and the machines are of 
robust construction. 

The Lysander obtains its slow-flying qualities {rom 
Handley Page lift slots and slotted flaps which enable the 
machine to be flown even in a careless manner yet with 
complete safety. Take-off and landing qualities are, of 
course, also improved, 

Although the majority of artillery observation machines 
are of high-wing design the standard type in use in the 
U.S. Army Air Corps—the North American O-47—is a mid 
wing monoplane carrying a crew of three and having 
accommodation for an observer in the bottom of the fuse 
lage, which is provided with appropriate transparent 
panels 

More lately the Bristol Company has built the type 148 
army co-operation machine, which is arranged as a low 
wing monoplane. The crew has a roomy transparent cock 
pit enclosure 





Above is the Fieseler Storch, 

a slow-flying machine used 

by Germany for army co- 
operation work. 

A distinctive twin-engined 

army co-operation machine 

is the Focke Wulf Fw 189 
shown on the left. 


Some time ago the 
French developed what 
seemed to amount to a 
passion for what they 
called the avion de travaille, which could be used as an 
army co-operation machine or advanced trainer. Typically 
this type was a twin-engined monoplane of very sturdy 
and simple construction, special consideration being given 
to the view of the observer. The external transparent 
observation “‘ cars ’’ seem to have been abandoned. 

The best example of the light army co-operation machine 
at present in service is Germany's Fieseler Storch, which 
can fly at about 31 m.p.h. It has a 240 h.p. engine, but 
top speed has been sacrificed to usefulness at the lower end 
of the speed range and to vision, the cabin having side 
windows built out trom the fuselage proper 

Ot similar layout is the Stinson “‘ liaison observation 
machine now being built for the U.S. Army Air Corps 
Slots and flaps are fitted and visibility from the cabin is 
unusually good, but performance details are lacking 

Although rotating-wing aircraft are often condemned tor 
army co-operation duties on account of the vulnerability 
and complicated maintenance, various types have been 
considered for the work These are the Cierva (hinged 
blade with tilting-axis control) ; the Hafner (hinged blade 
with feathering control); the Herrick (rigid rocking blade 
with rotor control) ; and the Wilford (semi-rigid blade with 
feathering control). The possibilities of helicopters have 
not been overlooked ; these might have a single rotor, co 
ixial rotors or side-by-side rotors 

With regard to equipment, one of the most promising 
developments is television, which is generally considered 
to have great possibilities for reconnaissance work 
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-Henschel Hs 126 .. 47 7 340 | 208 7,084 | 2332 | Bramo Fafnir 323 1A 830 | 229 16,400 | 19.680 11.7 26,400 | 2 rome IS 
| 
} | | 
BOHEMIA-MORAVIA | | i | 
Aero A-304... .. 62 11 | 489.6] 19.63] 9,581 | 2,981 | Walter Super-Castor I-MR | A | 860 | 20 3.740 | 13,120 19 | 19,000 | 3 reme PA 
Letov S-50 : 56 9 | 462 17.9 | 8,291 — | Avia RK. 17 A 840 | 187 3,280 | 16.400 16 | 24,600 | 3 reme PA 
POLAND i 
PZL Mewa 4 2 290.5 19.6 5,334 | 1481 | Gnéme-Rhéne 14M | A 870 | 223 11,480) 11.400 55 27 BO 3 remy OP 
ITALY | 
Caproni Ca 134 31 2 - — _ 2,204 | Isotta-Fraschini XI RC40 | | 900 | 242 24,000 | 3 remg PA 
Romeo Ro 37 % 4 337.4) 154 5,214 1,837 | Piaggio PXR A 700 | 20! 9.800 | 19.680 16 23,000 | 3 reme OP 
RUMANIA | | | 
LAR. 37. 4 2 | 385 17.5 | 6,760 1,950 | LAR. K.14 A 870 | 208 12,150 | 13,100 85 26,200 | 2 remg OP 
| } 
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SHIP-BORNE AIRCRAFT 
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fhe Blackburn Skua fighter dive-bomber as used by the Fleet Air Arm. The Skua has special flaps which can be used to limit 
the diving speed. Its engine is a sleeve-valve Bristol Perseus. 


Special Requirements for Naval Operation : Catapult and 
Deck Landing Machines 


1RCRAFT operating trom naval vessels are of three 
A classes: deck-landing machines with wheel under- 
carriage ; catapult floatplanes or small flying boats ; 
aug amphibians which can either be catapulted or used 
trom the deck of a carrie 
Deck-landing machines undertake reconnaissance, gun- 
nery spotting, bombing (chiefly dive-bombing), torpedo- 
dropping, low-flying attacks on shipping and the laying 
of smoke screens. It is of great importance to keep the 
variety of spare parts stored on a carrier as small as pos- 














sible and eftorts have been made, with considerable success, 
to produce standardised multi-purpose machines which can 
bomb, drop torpedoes, reconnoitre, spot for the guns and 
lay smoke screens 

Fighters are of necessity more specialised, though even 
these in many cases can undertake dive-bombing ; on the 
other hand, light dive-bombers like the Blackburn Skua, 
can operate as fighters. 

All deck-landing machines must meet certain require- 
ments. They must be strong enough to stand heavy land- 
ings on the steel deck of a carrier and the stresses imposed 
by arrester gear, which usually takes the form of steel 
cables running athwartships and engaging with a hook 
lowered from the aircraft structure. Unless they are 
fighters of very short span the aircraft must be fitted with 
wing-folding arrangements to facilitate stowage and in 
order to allow them to be transported by lift between decks. 

The pilot's view forward must be given special considera- 


Some dive-bombers designed for carrier operation. (Top 
left) The original French Nieuport 140 which in production 
form is a single-seater with retractable undercarriage. The 
centre-section struts can be turned edge on to the airstream 
to act as diving brakes. Below it is the Douglas DB-19 
which has split perforated diving-brake flaps, and below it 
the Brewster XSBA-1 which has similar flaps. The biplane 
below is the Curtiss SBC-4. 
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At a 


A flight of Merlin-Whitleys with the first machine just flattening out to land. 
two aircraft behind appear to be coming in more steeply than is actually the case, 
due to the characteristic tilt of their fuselages. 





“ Flight” photograph 
The 


HEAVY BOMBER STATION 


The Work of the Whitleys : Security Patrols : Flights Over Germany and Poland 


By MAJOR F. A. de V. ROBERTSON, V.D. 


\ J ISIONS of billets in France in 1915, with battle- 


worn infantry, tired, bored, almost depressed by 
pointless slaughter, yet grimly 


the seemingly 
determined to carry on, rose before my eyes as | 
wandered round a station somewhere in Great Britain 
where squadrons of Whitleys have their home. The 
contrast between the memories of 1915 and my present 
surroundings was almost unbelievable. On the aero- 
drome, in the officers’ mess, and in the hangars and 
workshops the routine of peace was being carried on. 
Everybody was doing his job and everybody seemed to 
enjoy doing it. Cheerfulness was in the air, and the 
hospitality of the Royal Air Force was as much in evi- 
dence as ever. This visit seemed so little unlike many 
other visits which I have paid to Air Force stations in 
peacetime that it was hard to realise that a war was on 
Light-hearted young officers and airmen showed one 
round, discussing the merits of their aircraft, engines 
and equipment, but mentioning casually how they be- 
haved in warlike operations. It was hard to take it in 
that these young men had flown again and again for 
hundreds of miles over the lands and waters of our bitter 
foe—in fact a number of them were going to do it all 
again that night. Most of those told off for flying that 


c 


night were resting, but some 
were up and about. Two 
pilots were in the mess who 
were bound for Posen in 
Poland that night, and in 
matter-of-fact tones they 
discussed their plans, the 
route they would take and 
the height at which they 
proposed to fly. Others were 


bound for the Ruhr that 
night, to see what they 
could see. One described 


his sensations the first time 
an anti-aircraft shell burst 
fairly near him; surprise 
was his principal reaction, 
and apparently a rather Group Captain Hunter who 
welcome break in_ the commands the station. 
monotony of a long flight :n 

the dark. Another pilot was much intrigued by the 
‘‘flaming onions’’ he had seen. They had been red, 
but he had heard that other men had seen some ot 
different colours, and he was interested to hear that in 





“ Flight photograpsA 








The two views above show the stern defence of the Whitley, 
the Nash and Thompson power-driven turret housing four 


Browning guns. Below a bomb aimer demonstrates the 
use of his course-setting sight. Above him is a Vickers K 
gun in a power-driven turret. 


the last war they were always 
green. He did not know what 
they were for, and believed that 
nobody knew, but they might be 
connected in pairs so as to wrap 
round the wings of an aeroplane. 
He could not say how far off from 
his machine they had been—it 
was hard to estimate such dis 
tances in the dark—and he agreed 
that they had never done any 
harm to anybody. Several pilots 
said that they had never been 
fired at from the air, only from 
the ground, and so could give ne 
idea of the effectiveness or other- 
wise of shells from ‘‘ cannons,’’ 
and could express no opinion on 
German fighter pilots and their 
aircraft. It was agreed that bar- 
rage balloons existed in Germany, 
but more than one pilot said that 
he had never seen any. These 
war flights were discussed in just 
the same sort of tone in which ! 
have often heard pilots discussing flights they had made 
in peace time. There was no hint or suggestion of any 
undue excitement or anything to put the wind up a 
man. 

In the mess I met the New Zealand pilot who had 
brought a Whitley home for 300 miles with about hali 
the fabric stripped off its wings. He rather shied when 
I asked what might have been a leading question, and 
seemed disinclined to be drawn on the subject. But he 
pulled my leg very cheerfully when he heard I belonged 
to Flight, because someone had made a mistake in a 
caption under the photograph of his machine, and when 
I told him that I knew a man who had been concerned 
in the design of the Whitley, he expressed a desire to 
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Flight photographs 


meet him; though I protested 
that the greatest fault in that 
machine's design was that obvi- 
ously it had been given too much 
wing area, seeing that it would fly 
with half the allotted amount. 
Badinage apart, the pilots of the 
station agreed that the Whitley 
was a nice machine to fly, and 
very suitable for its job. One 
pilot, in fact, wished that they 
would not go on improving it, but 
would now leave well alone 
Memories are short, and so it 
may be a good thing to tell again 
the story of that flight home with 
wings half _ stripped. Phat 
Whitley was on a reconnaissance 
in very bad weather during the 
spell of extreme cold which we all 
vividly remember. The A.A. tire 
was heavy that night, and one 
shell burst came so close that the 
observer was blinded for some 
minutes. When Archie gets the 
range so well as that, one obvious manceuvre is to 
alter altitude, so the pilot climbed from 1,500ft. to 
19,500, hoping also to find better weather up there. 
He did not find better weather; in fact, ice accu- 
mulated so thickly on the aircraft that it became 
uncontrollable, and the instruments struck work. The 
Whitley fell through the clouds for some 17,000 feet, but 
at about 2,500 the pilot managed to pull out and regain 
some measure of control. But the Whitley was still very 
unstable, and it seemed time to prepare for emergencies, 
so the navigator was sent back to get the dinghy ready 
for launching. The latter, when he had a look around, 
saw to his horror that the top of the port wing was 
stripped of fabric, that part of the starboard wing was 
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A flight of Whitleys passes a 

machine of the same squadron 

being prepared for a flight over 
Germany. 

“ Flight photograph 


in the same condition, and tha: 
one ftlap was hanging down. 
However, the Whitiey flew on, 
and actually covered the 300 
miles to the coast of England. 
fhe landing was a bit rough} .but 
nobody was hurt. As a sequel the 
pilot wears the purple and white 
ribbon of the Distinguished Fly- 
ing Cross, and few men have 
better deserved it. 





















The Whitleys of the station 
which I visited were among the 
first machines to drop leaflets on 
North West Germany, and on the 
day when I was there I saw wads 
of other leaflets being loaded into " 
other machines for that night’s 
work. Since the beginning of the 
war the station has made a great 
number of night flights over different parts of Germany, 
long flights of nine and ten hours, often in conditions of 
extreme cold, and always calling for great skill in navi 
gation. The practice has been invaluable. This station 
was also one of the first, if not the actual first, to insti- 
tute the Security Patrols over the Frisian Islands of 
Borkum, Nordeney and Sylt, where are the lairs of the 
seaplanes which have been laying magnetic mines near 
our coasts. Seaplanes cannot take off at night without 
a flare path, and when the men in the Whitleys see the 
lines of lights on the water they drop something more 
solid than leaflets, and the lights always go out. They 
never drop bombs on German soil. Since these patrols 
were started there has been a notable diminution in the 
activities of the mine-laying seaplanes. 


Waiting for Targets 

The station is also in a constant state of readiness to 
deal with what may be called fleeting targets, such as 
German warships reported to be at large in the sea which 
was once called the German Ocean. The men of the 
Whitleys live in hopes that some day they will plant 
a nice big bomb on a fairly big German warship, but 
so far they have not had any luck. After all, there are 


The normal crew of a Whitley totals five. Here is a typical 
team. 


“Flight” photographs 













not many very big German warships, and what there 
are have a not unnatural affection for the eastern end 
of the Kiel Canal ; so while we must sympathise with the 
disappointment of the Whitley crews, we need not blame 
them. 

In between times the station does quite a lot of train 
ing, and its air gunners go to an armament training 
station to fire at drogues, while bomb-aimers do practice 
on the A.M.L. trainer on the station. 

A word as to the Whitley itself Our photographs 
show the reader what it looks like, though none of them 




























usm MARCH 21, 1940 


On the left leaflets are being stacked into 

the capacious fuselage of a Whitley. Below 

the first and second pilot are laying out 

their course for Poland. 
Flight” phot 

gives the curious effect of a distant view 
of the machine flying past one, when the 
wings disappear entirely from view, and 
the long fuselage looks like some giant 
earthly dragon moving by mysterious 1orce 
across the heavens. It is, in fact, a sinistet 
but impressive aircraft. Its favourite 
way of landing with its tail up in the ar 
is also a bit out of the ordinary ; though 
the day may come when all aircraft will 
have nose wheels, and tail-down landings 
will be as old fashioned as will be biplanes. 
The sting of the Whitley is, to all ap- 
pearance, in its tail. There, protruding 
out of the fighting gun turret, are the 
muzzles ot four Browning guns, the terror of the 
Messerschmitt. The very idea of charging into such a 
hail of lead is enough to give one a distinctly chillsome 
sensation in one’s nether extremities—and all the more 
so if one has no greater fire power on one’s own machine, 
and has small confidence in the manceuvrable quaii- 
ties of that machine Our air gunners welcome th 
chances of air combat, not only with equanimity bnt 
with gusto. The only regret of the air gunners on this 
station is that night-flying bombers do not get enough 
chances of pressing the trigger. The bombs, naturally, 
are decently hidden from sight. There is no desire to 
drop them on German civilians, but it is a joyful moment 
when the flare paths are seen on the dark water below, 
and a well-directed salvo puts an end to nefarious mine- 
laying operations at any rate for that night. 


The Whitley has an unmistakable silhouette. A symbolic 
view of a flight at practice just before sundown. 
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and rudders) the tail-plane 
is in two sections and is 
structurally similar: to the 
main wing. 

As on a great many 
French machines the under- 
carriage of the Potez 63 is 
basically of Messier con- 
struction. There are two 
oleo legs and two inclined 
legs, which are hinged in 
the middle. The wheels arc 
raised hydraulically (the 
joints being broken in an 
upward direction) and are 
housed in the tail end of the 
engine nacelles. A section 
of each wheel is left pro- 
truding, and reduces dam- 
age in the event of a forced 
landing with wheels up. 

Although the prototype 
and the first production 
machine were fitted with 
Hispano Suiza 14-Ab en- 
gines, the majority of 
“63s'’ are now powered 
with Gnéme-Rhéne 14-Ms. 
Both the Hispano and the 





crcccceccccccccccccccccoccccccososocesecsoecs ooccece ae \ A pre-war scene in the Potez factory at Méaulte. 
- & Production has been much speeded up of late. 














The structure of the Potez 63. As shown 

the machine is powered with Gnéme- 

Rhéne 14-M. engines. (‘‘ Aircraft Pro- 
duction ’’ drawing.) 










Gnodme-Rhoéne are small-diameter, high-revving, two-row 
14-cylinder radials, their respective outputs being 725 h.p 
at 10,650ft. and 680 h.p. at 13,200ft. In either case the 
cowling is of long-chord.type with controllable gills round 
the lower section. The Hispano en 
gines drive Hamilton-type airscrews 
and the Gndéme-Rhénes have air 
screws of Gndme-Rhéne manufa 
ture. Fuel is fed from tanks in the 
wings and the oil tanks are located 
in the sides of the engine nacelles 
The designation ‘‘ Potez 63”’ is 
generally ‘applied, but supplementary 
type numbers are added to differen- 
tiate between the various versions 
Types 630 and 631 are both three 
seater day and night fighters, the 
former having Hispano engines and 
the latter Gnéme-Rhdéne Ihe main 
armament is two high-velocity His 
pano-Suiza 20 mm. shell-guns with 100- 
round ammunition drums. These are 
carried in fairings below the fuselage 
and are fired and cocked by the pilot 











The pilot’s cockpit of one version of 
the Potez 63. 
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Of unusually attractive appearance, the Potez 63, as seen above, is characterised by a slim fuselage, sharply tapering wings and a 
marked dihedral on the tail plane. 


through a compressed-air air system. The rear gunner is 
normally concerned only with his own gun, but the third 
member of the crew can clear jams in the shell-guns. 

Type 633 is a two-seater day and night bomber. Dis- 
placing the third member of the crew is an internal cell 
for eight 125-lb. bombs, which are stowed vertically. For 
dive-bombing, external racks are fitted beneath the fuse- 
lage. Defensive armament comprises one fixed and one 
free machine-gun. 


New Fighter Version? 

Type 637 is a three-seater observation and reconnais 
sance machine with a small nacelle attached beneath the 
fuselage to provide the observer with better visibility, or, 
alternatively, to house a camera, and the same armament 
as the bomber. 

Type 63-11 is a somewhat different reconnaissance ver- 
sion, the observer in this case being situated in the nose 
of the fuselage, which is of special design and is provided 
with suitable transparent panels. In this version the cock- 
pit enclosure is also different, being shorter and more 
rounded than in the other types. The pilot has one or 
two fixed machine-guns while the gunner has a single 
weapon. 

Thus it will be seen that the Potez 63 is a definite asset 
to the French Air Force, being capable not only of defen- 
sive action against enemy bombers but of undertaking 
reconnaissance flights, spotting for the artillery and, in 
an emergency, attacking 
ground objectives with 
gun fire and small 
bombs, though the ab- 
sence of a second super. 
charger speed handicaps 
it for this latter duty. 

There has been talk 
of a special new fighter 
version with two Pratt 


and Whitney Twin 
Wasp Junior’ engines 


and armed with two 20 


An R.A.F. officer 
wishes bon voyage 
to the crew of a 
Potez 63 reconnais- 
sance machine. The 
observer's machine 
gun, with its re- 
flector sight, is in- 
teresting. 


or 23 mm. shell-guns and six machine-guns. Performance 
with the new engines should be considerably improved, 
though naturally it will hardly bear comparison with that 
of the Messerschmitt Me 1r1o fitted with two Daimler-Benz 
DB 601 engines of over 1,000 h.p. each. 

There was at one time a project for lessening the wing 
area of the fighter version of the ‘‘ 63,’’ but it is not known 
if this has been put into practice. This would give it more 
speed which, with heavy armament, fighter designers still 
seek with unabated vigour. At first sight it looks as though 
the reduction could be affected by removing a piece of the 
outer wing panel at its joint near the engine. But this 
usually involves so many modifications that less labour is 
required to completely redesign the wing. 


POTEZ 63 
Two Hispano-Suiza 14-Ab Engines 








Dimensions Weights Performance 
Duties | | | Max. 
} as | Mili- | Speed | = 
Span | Length Wing) Empty tary |Loaded| at | Ceiling § 
| Area | Load | 13,000) « 
| } | ft | 

| ft. in.| ft. in. sq. ft Ib > Ib m.p.h ft mis, 

Fighter | 52 5135 3] 355 | 5,798 | 1,300 8.024 285 | 32.800) 590 
| 

} | | 

Reconnaissance | 52 5 | 35 3 | 355 | 5,798 | 1,080 | 7,804 | 285 | 32,800 | 620 
| 

Bomber |} 52 5/35 3 355 | 5,798 | 1,807 | 9,038 | 285 | 26,200 | 807 
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Isolating Engine Vibration : 


ATEST models of American aircraft with radial engines 
are now being fitted with what has come to be 
called the ‘‘dynamic engine mounting.’’ The 

vibration problem is calling for more and more attention 
from designers. As far as the engine is concerned, the 
vibration problem is dealt with in two ways, first, to 
design an engine as free as possible from vibration, and 
secondly, to prevent as far as possible, the transmission 
of that vibration to the airframe, on which it may have 
dangerous as well as uncomfortable effects. The engine 
mounting has always been a part of the structure on which 
it was desirable to be liberal in fixing the sizes of structural 
members. The size of member shown to be necessary by 
stress analysis has usually only been taken as a guide and 
the designer’s final choice has been influenced considerably 
by his past experience of what has been used on former 
designs. Such liberality in design has been found neces 
sary to eliminate the chance of unexpected failures from 
fatigue due to the transmitted engine vibration. 

So a design of engine mounting which would reduce the 
transmission of engine vibration to the mounting and the 
whole airframe, where it could have such undesirable effects 
as loosening rivets and making passengers not merely un 
comfortable but also fatigued, is welcomed by designers. 

The old idea of mounting engines was, for stationary 
types, to attach them rigidly to large blocks of concrete, 
apparently on the principle that the greater the weight 
they had tied to them, the less they could move. But 
the fact that movement was prevented did not in any way 
eliminate the forces at work. Modern ideas in regard to 
1utomotive engines are entirely different. Having reduced 
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Fig. 3. Reduction of vibration and stress. 
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DYNAMIC 
SUSPENSION 


Three Degrees of 
Freedom : Attachment by Cylinder Head 


Fig. 1. (Right) First 
link-type dynamic 
suspension made in 
1937 for a double- 
row WrightCyclone. 


Fig. 2. (Below) 
Link-type dynamic 
mounting. 














the unbalanced forces, and therefore the vibration, in the 
engine to a minimum, the designer seeks to isolate the 
vibration from the rest of the structure. But unfortu 
nately the source of power must be connected to the vehicle 
which carries the passengers—the horse must be tied to 
the cart. 

And—no doubt by chance—the horse is connected to the 
cart in a most scientific manner. By shafts, traces and 
swingletrees the rhythmic motions of the horse's body are 
isolated as much as possible from the cart while still allow 
ing the ‘“‘thrust’’ to be transmitted. The horse was the 
first example of ‘* floating power. [The dynamic engin 
mounting is the latest example, but the problem here is a 
little more difficult. For not only must engine and air 
frame be tied together to transmit the airscrew thrust but 
the airframe must support the weight of the engine, while 
the horse, of course, supports itself 


The Fundamental Principle 

The new mounting gives the engine three degrees of 
freedom and works on the principle that vibration can be 
isolated by allowing the unbalanced forces acting on the 
power plant to create their own counterbalances by acceler 
ation of the total mass, so leaving the supporting structure 
virtually undisturbed. 

Angular freedom is provided by attaching the engine to 
the ring of the mounting by means of several tubular 
rubber adhesion ‘‘springs.’’ These fittings are familiar air 
craft accessories these days and mounted with their axes 
tangential to the ring, give a slight degree of freedom in 
angular movement. Such movement, of course, generates 
a restraining force by putting the rubber in shear. This 
was the first development away from the older type of 
mounting in which the engine was simply bolted rigidly 
to the structure. 

The latest development, which gives the new mount 
ing its name, is to insert a small link, of something like 
3 in. in length, between the tubular rubber “‘ spring *’ and 
the ring of the mounting. This link is parallel to the longi 
tudinal axis of the aeroplane, so that small movements 
of it about the pin holding it to the mounting give a side 








ways movement to the engine. 
third degrees of freedom, since movement in the plane of 
the ring in two directions at right angles is provided. 

The restraining force for this movement is also gener- 


ated by the rubber “‘springs.’’ Consider a radial move- 


ment at the points of attachment at the end of a horizontal 


diameter—in other words, a horizontal vibration of the 
engine. This implies a tangential movement at the points 
of attachment at the end of a vertical diameter, and such 
movement puts the rubber in shear and the restraining 
force is brought into play. 

There is no fourth degree of freedom. Lateral movement 
in both directions and angular movement in the plane 
of the ring will isolate most of the vibration. In the thrust 
direction, of course, no relative movement of engine and 
mounting can be permitted, and vibration in this direction 
is relatively unimportant, as it could only be caused by 
variation of thrust. 


Reduction of Vibration 

Small tapered roller bearings are provided in the hinge 
of the link to ensure freedom without static friction. Length 
of the link has only a small effect on the elastic constants, 
unless it is so short as to cause torsional restraint in the 
mounting spring. Also a short link would produce a fore- 
and-aft motion as a result of angular motion, and this would 
be undesirable. 

Fig. 1 shows the first dynamic suspension installation 
which was made in 1937 for a double-row Wright Cyclone. 
The rubber shear mounting springs were 2} in. diameter 
and the links were of forged steel 3 in. long. A test was 
made to compare this mounting with the earlier type which 
had only angular freedom. Removable rods were made and 
fitted, so locking the seven links and preventing their 
movement. 

Vibration on the ground and in flight tests was reported 
to be quite acceptable. Sperry-M.I.T. vibrograph records 
were taken of engine motion, airscrew stress, mounting 
tube stress and rear cockpit motion. The links were then 
unlocked by removing the rods and all tests repeated. The 





Baltic Aviation 


‘INCE the occupation of Poland the Riga-Stockholm service 


operated by ABA has been carrying large numbers of 
Polish refugees from Lithuania and Latvia across the Baltic, 
and some weeks ago the German Government protested against 
this practice. This protest coincided with an Order issued by 
the Swedish Government refusing transit visas to Poles and 
Czechs, and the trans-Baltic air transport business has since 
been somewhat irregular 
The Estonian company, AGO, is now reported to have com 
pleted all preparations for the opening of two air services, viz., 
from Tallinn to Stockholm and from Tallinn to Kénigsberg 
A plan to introduce « new service from Stockholm to Kaunas 


Lithuania, is being considered by the authorities concerned 

The Swedish ABA opened a temporary service from 
Stockholm to the island of Gotland which the formation of ice 
in the Baltic had cut off from the mainland. 
daily schedule. 


There was one 
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records showed a general reduction in engine and cockpit 
motion other than torsional, a marked reduction in mount- 
ing tube stress variation (shown in Fig. 3), and no change 
for the worse in airscrew stress. The improvement as 
measured by the pilot’s physiological reaction was definitely 
better than the instrument records indicated, so appar- 
ently reduction of vibration is reflected by a considerable 
increase in passenger comfort. 
Cylinder Head Attachment 

Mounting springs with rubber in shear have been chosen 
for this work because of certain desirable characteristics. 
They are light, they have an increasing spring rate for 
large deflections (so acting as ‘‘snubbers’’), they damp 


4 























Fig. 5. Sketch of strut-type cylinder-head mounting. 


the vibrations, and even if the rubber fails completely the 
engine cannot fall out of its mounting. 

Certain aircraft requirements have now made it desirable 
to mount large engines from the cylinder heads, and this 
is a Jater development. 

The details of a pair of mount struts as they appear on 
the test stand are shown in Figs. 4 and 5. The crossbeam 
is a means of carrying the strut attachment to the rocker 
bolts, the strongest point on the cylinder head. The size of 
the spring may appear excessive, but the weight of the 
rubber required for vibration-isolating engine mountings 
varies in general as the square of the horse power. This 
requirement results from the reducing airscrew r.p.m. asso 
ciated with increase in horse power and the necessity for 
obtaining natural trequencies lower than airscrew speed 
A double-row Cyclone has been run on the test-stand with 
this new type of mounting. 

The latest Waco, the Model E for 1940, adopts dynami 
suspension for its Pratt and Whitney engine. Another novel 
feature is the design of the cowling integral with the fuse 
lage and independent of the engine. Though the engine 
may move, the cowling will not 

It is to Prof. E. S. Taylor, of the Massachusetts Insti 
tute of Technology, that credit is due for the conception 
of the mathematical principles of dynamic suspension. He 
has made valuable contributions to theory and analysis 
A complete mathematical treatment of the subject from the 
design point of view is given by K. A. Browne in the 
S.A.E. Journal for May, 1939, to whom acknowledgment 
for this article is made. 


Air Lanes to Eire 


IR traffic lanes for aircraft entering or leaving Eire (Dublin 
Airport, which is not open to public use) have. been pre- 
scribed by the Eire Minister for Industry and Commerce (Mr 
Sean McEntee) in the Emergency Powers (Air Navigation and 
Restriction) (No. 3) Order, 1940, which has just been issue 
Aircraft entering Eire on the east coast and proceeding to 
the Dublin municipal airport at Collinstown must do so within 
in area bounded to the nerth and south by two straight line 
drawn parallel to, and at a distance of one mile on each side 
of, a straight line from the airport to Malahide and from 
Malahide bearing 90 degrees true to the limit of territorial 
waters 
Aircraft entering from Northern Ireland must cross the 
boundary at Dundalk and then follow a route within an area 
bounded to the east and west by two straight lines parallel 
to, and at a distance of one mile on each side of, a straight 
line from Dundalk to the airport 
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“ Flight photograph 


Although Formation Flying is the Normal Arrangement for Numbers of 
Military Aircraft on Long Flights, the Aerodynamics Involved Do Not 
Appear to Have Been Examined Before 


By F. W. LANCHESTER, LLD., F.R.S. 


N an article which ap- 

peared in Engineering, 

Dec. 4th, 1914, the pre- 
sent writer was led, from 
military considerations, to 
advocate flying in formation, 
and suggested the “V” 
formation as that to be 
preferred. This has since 
become common practice, and is in fact so familiar 
that one might be tempted to believe that it has 
always been so. Exactly when flying in “V” 
formation first “came in’’ the writer cannot say, 
but a flight of some five or six enemy machines 
passed over London in “ V”’ formation in 1917; this 
the writer had the “ pleasure ’’ of witnessing, but it was 
probably by no means the first occasion when such a 
formation had been staged. 

In the article to which reference is made above, the 
desirability for flying in some formation or other was 
insisted upon as arising from military necessity, in order 
that a large number of fighting aircraft should be brought 
in an orderly manner to any required place or scene of 
conflict ; this was shown to be a matter of vital im- 
portance.* The “V” formation was advocated on 
aerodynamic grounds in a paragraph, the substance of 
which is as follows :— 

“It has for, long been observed that certain birds, 
flying numbers strong (as in migration), are in the habit 
of assuming definite formation, and that this formation 
is of the shape of a letter V travelling point first ; each 
bird, besides being behind its leader, is stationed on 
one or. the other flank. The reason for this is almost 
certainly one of aerodynamics. The air immediately 
in the wake of a bird in flight has residuary downward 


published last year. 





* See “ Engineering,” Lc. ante. Or “ Aircraft in Warfare,” p. 97 


Readers will undoubledly have fresh in mind Dr. 
Lanchester’s articles on “ Exhaust Effiux Propulsion,” 
He now has something to say 
about the increase in aerodynamic efficiency which may 
arise from flying in formation. This time Dr. 
Lanchester has made it a condition that he will not has 
enter into any correspondence with 


motion, and so is ‘bad 
from the point of view of 
the bird following. On the 
other hand, the air to the 
right and left of the leader 
residuary upward 
motion owing to the vortica! 
character of the wake dis 
turbance, and so is 
air. Consequently the ‘V’ formation arises naturally 
from each bird seeking the air which gives the best 
support, a matter in which most birds show con 
summate skill. There is very little doubt but 
that, by this manner of flight (formation flying in 
fact) a flight of birds is able to cover the ground with a 
material saving of work done. If the point in question 
is as important as it appears, it will certainly have to 
be taken into consideration in connection with aeroplane 
tactics. The follow-my-leader formation will certainly 
be on a V or diagonal plan rather than in ‘ line ahead.’ ”’ 


readers.—Ed 


‘ good 


Theoretical Limits 

The writer is not acquainted with any theoretical 
treatment directed to show the saving, or possible 
saving, of power effected when a number of machines 
fly in “ V” formation, and accordingly ventures to 
put forward the following argument, which, though not 
giving an actual solution either as a generalisation or as 
applied to any particular case, will be recognised as 
containing the kernel of the matter and as indicating 
a theoretical limit. In practice the actual gain would 
certainly fall short of the limiting value as derived. 

According to the writer’s vortex theory of sustenta- 
tion, which to-day is universally accepted,* the aero- 








* The Guggenheim Gold Medal, an international honour, was awarded to the 
writer in 1931 for his discovery 
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{taly’s fighter squadrons, equipped with Fiat biplanes, 
persistently practise close-formation work. Here are C.R.32s 
in tight stepped-down “‘vics.”’ 


dynamic resistance or “ induced drag” may be calcu- 
lated as based on the mass of a cylindrical body of air 
of circular section whose diameter is equal to the span, 
in the following manner :— 

Let S be the span, and V be the velocity of flight ; 
then the equivalent mass of air dealt with per second, 
which may be denoted by the symbol 


(m/s) == x S*Vp* : ee - a 
4 

where p is the density of the air. If W =the weight 

sustained, the downward velocity imparted to this 

mass of air per second, 





v = W/(m/s) om és (2) 
Then the work done per second = 
(m/s)v? (m/s) W?2 Ww? 
oe SO Sees Se es +. (3) 
(m/s) 2(mt/s) 
Substituting for (m/s) by eq. (1), 
, 2W? 
Work done per second = - had = (4) 
7™S*Vp 


Since for any given flight velocity (V = const.) 
W and S are the only variables, equation (4) tells us 
that the work done in overcoming the induced drag 
varies as W?/S?. 

In order that no doubt shall exist as to the application 





* Absolute units are used throughout 


Fig. ta 
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be given. 
I4 tons), 


of this equation, a numerical example may 
Let W = 31,000 pounds (approximately 
then 31,000 X 32.2 = 1,000,000 poundals. 


Let S = rooft. Let V 300ft./sec. p, air density 
(taken as at sea level) = .076 lb. per cu. ft. Then 
Foot-poundals per sec. - 

2 X 1,000,000? 
ai ——— = 2,800,000 
3-14 X 10,000 300 .070 


= 87,000 foot-pounds per second. 

From this we derive the induced drag 
= 290 pounds, and the power necessary to overcome 
this = 87,000/550 = 158 h.p. This gives the induced 
drag/lift ratio 290/31,000 or approximately one per 
cent. This is, of course, only a part of the total drag, 
but it is the part with which we are now concerned 

Having made clear by a numerical example the im- 
plication of equation (4), we may now return to our 
problem. Let it be supposed that two equal aeroplanes 
of identical weight and span are flying with their wings 
tips just touching (Fig. ra). Then taken together their 
combined weight will be double that of a single machine. 
Also we may regard the total span as twice that of either 
machine singly. In order to make this more real the 
two planes may be regarded as definitely connected to 


57,000 300 





form a single machine (Fig. 1b). 
both W and S are increased in like ratio, so that W2/S? 
has the same value for the combined machine as for the 
single machine, and the aerodynamic resistance or in- 
duced drag will be the same for the “ twin,” rb, as for 


Then in equation (4) 


the single ra. And the same will be true if we combine 
any number of machines in a similar manner as in 
Fig. 2a. 
The Span Load Distribution 

A pause for reflection is necessary at this juncture’ 
There is a little discrepancy which becomes evident 
when the number of machines flying tip-to-tip becomes 
large ; the whole combined as a single machine in the 
manner illustrated (Figs. ra and rb) is not exact as 
representing the sum of the individual machines. Either 
the combination would have to be rigidly connected 
(structurally unified) in order to give the load grading 
proper to the combination, or we should have to postu- 
late that the centrally situated machines should be 
more heavily loaded than those on either flank. This 
would only be important if the combination shown in 
Fig. 2a were literally possible, which of course it is 
not. Still, the main result is unexpected. It would 
almost suggest an overwhelming advantage in favour of 
the large machine, which is contrary to experience ; 
for although we are only dealing with that part of the 
drag known as induced drag, the combined profile drag 
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MORANE 


A Successful French Fighter Fitted 


HE two types of French single-seater fighter 

which have achieved the greatest distinction in 

the war are the Curtiss Hawk 75A and the 
Morane 406, or, to be meticulously accurate, Morane- 
Saulnier M.S. 406 Cl, the Cl signifying monoplace de 
chasse. 

There are several unmistakable differences between 
the two types. Whereas the Curtiss is an all-metal 
radial-engined type armed with six machine guns, the 
Morane 406 is of composite construction, has a liquid- 
cooled in-line engine and is armed with a 20 mm. shell- 
gun and two machine guns. M.S.406s have been 
delivered to Switzerland and China. 

The M.S.406, which is built in series by the Société 
Nationale de Constructions Aéronautiques de Sud- 
Ouest, is a direct development of the M.S.405, from 
which it differs chiefly in the mark of the engine fitted. 
Actually the first order placed for the series was for 
sixteen machines, of which the first three were 405s, a 
fourth a 406 and the 
others, up to number 
eleven, 405s again. The 
twelfth machine, at the 





: : DIMENSIONS 
sugge stion of the : Span - 34ft. 10in 
F ‘ < . . : Length 26ft. llin. 
rench Service Tech- Height (in flying position) 10ft. 6in. 
e °" _ Wing area 193.75 sq. ft. 
nique, was of simplified ine et A lift. Sin 


design, full use being 


Weicuts anp LoapIncs 


made of the qualities Wing loading 27.8 Ib./sq. ft. 
. - > nian Weight of power plant 1,912 Ib. 

of the Ply max cover- Weight of tanks (empty) 117 Ib 

ing, of which more Weight of airframe 1,834 Ib. 
later. i 


Weight of fixed equipment 320 Ib 


ESD 5.406 


MORANE-SAULNIER 406. ; art (metal . 1) 
; é te covere 
Hispano-Suiza 12 Y Engine. : I eta coverec 






WSS 


with ‘‘Moteur Canon” 


Machine number thirteen was a 406 with an Hispano- 
Suiza 12 Y31 unsupercharged engine giving 860 h.p. 
at 3,000 ft. It was used for high-speed parachute-drop- 
ping, for which purpose a special compartment was 
built beneath the pilot’s cockpit. 

Interconnecting the two metal spars of the wing 
(which is of trapezoidal plan with rounded ends) is a 
system of diagonal and vertical compression ribs. The 
whole wing is covered with Plymax panels. This 
material consists of a layer of plywood and a second 
(on the outside) of aluminium. After experiments 
with the wing uncovered and covered it was decided 
that the number of bracing members in the wing could 
be reduced. Uncovered, the wing had a torsion of six 
degrees, the covering reducing this to two degrees. As 
a result of the tests it was possible to save 50 Ib. in the 
weight of the wing and to reduce the number of separate 
parts by three-fifths 

The fuselage has four tubular duralumin longerons 
and transverse mem- 
bers. In the forward 


these are in the form of 


Weight empty 4,183 Ib. 

Weight of movable equip- frames, and at the rear, 
ment 270 Ib. . . . 
Weight of fuel and lubri which is covered with 

cant 747 Ib ¢ “= 7, . 
Weight of pilot oa fabric, are composed of 
Disposable load 1,211 Ib vertical and horizontal 
All-up weight 5,304 Ib. = . : 

struts with wire brac- 


rencenenan : ing. The tail surfaces 


Max. speed at 14,500ft 304 m.p.h : “ 
Climb to 16,400ft 6.5 min have U-section duralu- 
Ceiling 36,000ft 


min spars and Elektron 
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covering. The fin is a cantilever structure of high 
aspect ratio, and the horizontal surfaces are strut-braced 
on the upper surface 

The wheels of the undercarriage retract inwards. 
They have low-pressure tyres and hydraulic brakes and 
are sloped outward, increasing the effective track. 

Various marks of the Hispano-Suiza 12Y engine 
have been installed. These include the 12 Ycrs and 
Ydrs and 12 Y31. Typically the Hispano 12Y, which 
is a twelve-cylinder vee, cooled by ethylene glycol, 
gives 860 h.p. at about 13,000 ft. on the bench, the 
maximum benefit of the supercharger naturally being 
obtained at higher altitudes. There has been mention 
of a Morane 
M.S.450 fighter 
with a 12Y 51 en- 
gine of 1,000 h.p. 
The radiator on 
the standard 
M.S. 406 is of the 
retractable type 
and gives a flow of 
8 cubic metres per 
second. It is situ 
ated under _ the 


The side view on the 
right is actually of 
an M.S.405 but is 
almost identical with 
that of the M.S.406 


Below are M.S.406s 
in production. The 
panels of Plymax 
can be seen on the 
wings. 


























Visitors to the military flying 

display at Evére last year wil! 

recall the pretty show put up 

by three Moranes. Here they 

are taxiing in through the 
dust storm. 


fuselage behind the bulge 
beneath the engine and for 
ward of the characteristi 
‘* belly ’’ of the fuselage 

Early machines were fitted 
with three-bladed Ratier ait 
— screws of special design to 
permit the use of an engine 
*— mounted shell-gun. A small 

~~ ~windmill mounted in front 
~> ~@ of the main airscrew was used 
to alter the pitch. This pro 
peller has now been supe 
seded by a later type which still accommodates the 
canon but in which the windmill is eliminated. 

The armament of the M.S.406 as at present in ser- 
vice comprises a 20 mm. Hispano-Suiza shell-gun 
mounted between the cylinder blocks and firing out 
through the airscrew hub. the shaft having been suit- 
ably geared up. This arrangement constitutes the 
Hispano moteur canon. The crankcase has, of course 
been suitably modified and strengthened. 

As the mass of the engine is a very effective mount 
ing for a gun, the weapon chosen is of the ‘‘long’’ typ 
with an initial velocity of something like 830 m/sec. It 
corresponds to the Oerlikon type ‘‘ FFS,”’ and has a 


“ Flight photograph 
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g 
I! 
P superior range and velocity to the short shell-guns. 
y The control of the shell-gun may be pneumatic o1 


electrical; on the Morane the latter system is used. 

Mounted in the wings are two Chatelleraut light 
rifle-calibre drum-fed machine guns. These are of very 
_ simple construction and are not fitted with the cooling 
” casing usually associated with aircraft guns. Small 


a pipes running alongside the barrels and registering with 
7 the muzzles transmit impulses to ‘‘ rounds counters ’’ 
in the pilot’s cockpit so that it is possible to see how 
“oy much ammunition has been expended. The gun has a 
a rate of fire of about 1,000 rounds a minute. , 
to Moranes have been in action against Messerschmitt P 
- Me 109s on a number of occasions. During one com- 
ul bat a French pilot managed to put a shell from his ? 
- canon into the petrol tank of the Messerschmitt, which 
d is situated behind the pilot's cockpit; the Me imme- 
. diately disintegrated as a result of the explosion. For The lower aerial of 
™ practice firing against drogue targets solid ball am- the M.S.406 is re- 
“ munition is used in the shell-gun, though for opera- tractable. As shown 
: , : a : above, as the wheels 
tional work explosive, incendiary, tracer or armour- cetract the aerial is 
™ piercing shells are available. qutnded 
- Due to its relatively low wing-loading and compact 
if "s : .- aos 2 ‘ . , On the right is a 
design the M.S.406 is highly manceuvrable. Certainly sketch showing the 
- more so than the Me 109, though it is not considered arrangement of the 
c so handy as the radial-engined Curtiss. Hispano-Suiza 
- moteur canon. 
. 
t 
4 





Miche! Detroyat is seen on the left 

after a display in one of the earlier 

Moranes with a Ratier ‘‘ windmill- 

controlled '’ airscrew which per- 

mitted the use of the engine- 

mounted shell-gun This design 
has now been superseded 





Below are Moranes before a delivery 
flight 
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Blackburn Skua fighter dive-bombers are carried on board 


Pre-resurrection. A photograph taken prior to the war of 
Fairey Swordfish flying over H.M.S. Ark Royal. 


EEDS must when the devil drives. In an emergency 
a country at war must use the weapons which fit 
into an emergency, even if another choice would 
have been preferable rheoretically it is not ideal to 
employ an aircraft carrier in waters which are within the 
range of shore-based aircraft, for the simple reason that 
competent designers can always endow the latter with 
better performance than is possible for ship-borne aircraft. 
The necessities for landing on a deck, for being taken up 
and down by lifts, and for being stowed in a given space 
impose limitations on the aircraft of a carrier. It is notable 
that Italy has not indulged in aircraft carriers, as the 
Mediterranean can be easily crossed by her shore-based 
aircraft. Out in the wide stretches of the South Atlantic 
and Indian Oceans the carriers of the Royal Navy are, so 
to speak, at home. There they are outside the range of 
the shore-based machines of the enemy, and they can 
carry out their work freely, monarchs of all they survey. 


Origin of the Story 
But occasionally the devil drives. His Satanic Majesty 
was at work on the occasion when a damaged submarine 
had to be escorted home from near the Scandinavian coasts. 
A strong escort of the Home Fleet had to go out to protect 
her, and the pace of the convoy had to be that of the lame 


duck. The procession was likely to invite the attentions 
of U-boats, and it was necessary to keep constant watch 
over the waters on all sides of the Fleet. The Coastal 


Command of the R.A.F. will always help the Navy to the 
utmost of its power, but its duties are many, and this un 
remitting watch and ward over the slow-moving Fleet was 
deemed to necessitate the presence of a carrier. So H.M.S 
Ark Royal went with the Fleet. In accordance with sound 
naval tactics, she kept her distance from the rest, in this 
case some fifteen miles or so. Then came the attack by 
shore-based aircraft of the enemy 
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This was the first important attack by bombing aircratt 
on moving warships, and it demonstrated that the fire of 
the guns of the ships could prevent the bombers from carry 
ing out their object. All the same, one bomb did drop 
rather uncomfortably close to the lrk Royal, and the 
Germans did not wait for confirmation before proclaiming 
an utterly unsubstantiated success 

It was very interesting to have an opportunity, as I had 
lately, of hearing the full story from officers who were on 
board the Ark Royal during the action. Those officers 
were not strangers to me, for I had been privileged to be 
in the ship when she took part in escorting T.M. The King 
and Queen down Channel on the day when they started 
off on their visit to Canada 


Downing a Dornier 


[It is not certain how the Germans first came to know 
that the Home Fleet was out in the North Sea, but that 
knowledge may have come from three Dornier 18 flying 
boats which made their appearance. The Ark Royal at 
once flew off three sub-flights of Blackburn Skua fighters 
Chey climbed after the Dorniers and engaged them. One 
flying boat was shot down, and the other two were 


The “Line ’’ Book. Captain Power, R.N., shows visitors the 
cuttings from German papers recording the sinking of 
H.M.S. Ark Royal. 
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Great Britain’s Newest Aircraft Carrier Returns Home After 
Many “ Ups and Downs” 





By Major F. A. de V. ROBERTSON, V.D. 


damaged by our fire, but succeeded in getting away They 
sent off their report, and presently wave after wave of 
bombers began to arrive and deliver their attacks The 
bombers were met by the concentrated fire of the high 
ingle guns and multiple pom-poms of the ships, and were 
so thoroughly upset by it that none of their bombs scored 
a_ hit. Ihe bombers were not dive-bombers (they are 
machines of comparatively short range) and they did not 
come down in T.V. power dives but lost height by follow 
ing what may be ~alled a gliding path As they came they 
were tossed about in the air by the blasts of the shells 
bursting all round them, and they were lucky that most 
of them escaped complete destruction No wonder that 
their bombing was inaccurate ! 

One machine, a Heinkel 111 the officers of the Ark Royal 
judged it to be, came down to 1,200 feet over the carrier 








and from there released a 500 kilo (1,000 lb.) bomb rhe 
officers on the bridge saw it coming down and said that 
it looked as big as a tall man. But they judged straight 
way that it would not hit the ship—‘‘ And if it had, it 
would certainly not have sunk her,’’ said the Captain—but 
it dropped harmlessly in the water some fifteen feet off 
the starboard beam All’s well that ends well! 


A Tall Yarn 

One very lurid story got about and was repeated in the 
House of Commons, though its origin must remain a 
mystery. According to this tale, the explosion of the bomb 
caused the Ark Royal to heel over until the flight deck was 
awash, and the spectacle justified the German pilot in 
believing that he had sunk the vessel. Actually nothing 
of the sort happened. The carrier lifted slightly by the 
bows, but she remained on an even keel, and that was all 
that happened The next day some German aircraft 
sighted the Fleet and saw no carrier with it, which seemed 
to confirm their wishful thinking. So the German pilot was 
decorated and promoted, and the broadcaster known as 





Home Again. H.M.S. Ark Royal in Portsmouth 
Dockyard. 




















Not what it looks like when landing on. 





































Lord Haw-Haw continued to ask, ‘‘Where is the Ark 
Royal ?’’ Hecould not hear the delighted roar of ‘‘ Here! ’ 
from the sailors in that ship when they listened in to his 
broadcast. But when papers published photographs of the 
ship at Capetown even the Germans had to admit her 
survival. 

Since the fight in the North Sea the Ark Royal has 












The enormous flying deck of H.M.S. Ark Koyal appears much smaller from the air. 
The crane structure is used to correct the tension of the arrester wires. Things have progressed since the early days, when the 
arrester gear consisted of ropes with sandbags at their ends laid across the deck. 


travelled far and wide. She has joined in the contraband 
control operations in the South Atlantic, and her wander 
ings covered many thousands of miles. She was not lucky 
enough to discover the Admiral Graf Spee, but she and het 
aircraft played their part in accounting for the German 
steamers Uhenfels, Watussi, and Adolf Woerman Her air 

craft have attacked three or four U-boats with bombs, but 
cannot claim a certain success. One enemy submarine was 
attacked by both types, T.S.R. Swordfish and Skua dive 

bombers. 


The Attacker Sunk 


Once Ark Royal was herself attacked by torpedoes, but 
they passed behind her stern, and her destroyer screen 
sank one of the submarines. The crew were picked up and 
taken on board the carrier. They were hugely surprised 
to find themselves in the Ark Royal, which they had all 
been told was lying on the bottom of the sea. Another mis 
fortune was a collision in the air between two Skuas, when 
two of the crews were killed but the remaining four were 
saved. It is satisfactory to record that not one of the ship's 
aircraft has been lost by failing to find its way back to the 
carrier. Once, south of the Equator, an aircraft reported 
having seen a marine monster, which, the observer said, 
looked like a huge banana on the surface of the water. Such 
sights are not uncommon, I believe, in southern waters, and 
may be caused by masses of floating vegetable matte: 
covered with marine animalculez. They add to the interest 
of patrolling the oceans. 

Night flying by carrier aircraft is growing more common 
and popular. In this connection perhaps may be men 
tioned the high opinion held by the Ark Royal officers of 
the Fairey Swordfish as a T.S.R. machine Doubtless 
newer types will soon be in production for the Fleet Air 
Arm, and it is to be hoped that our designers will be abl 
to produce the best possible craft within the limitations 
set by the need of operating off an aircraft carrier. 


Vice-Admiral L. V. Wells, C.B., D.S.0., Vice-Admira) 
Commanding Aircraft-Carriers, with Lieutenant H. Wyldbore- 
Smith, his flag-lieutenant, on board his flagship H.M.S. 
Ark Royal at Portsmouth. 
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Aw travel in winter. Passengers walking through the snow at Kastrup airport to the London-bound aeroplane. The monoplane 
flying overhead is one of the Danish Junkers Ju.52s used on the Berlin route. 


AIRCRAFT TO THE RESCUE 


D.D.L. Maintain Communication Between the Ice-bound Danish Islands 


URING this winter Denmark has suffered the are employed between Copenhagen and London, were 
severest period of frost for many years. Towards both taken into use on the Aalborg route, while K.L.M. 
the end of January the Danish waters were com- took over the London service. 

pletely ice-bound, and all sea-borne traffic came to a Services were run incessantly from morning till night, 
standstill. The only means of communication between and in the course of the month of February 5,348 pas 
the Danish isles and between Denmark and 
abroad was by air. 

Immediately the Danish Air Lines threw all 
material at its disposal into this traffic, and 
commenced a_ temporary connection from 
Copenhagen across the ice-covered Great Belt 
to Marslev aerodrome (near Odense) on the 
island of Fuenen. This connection, however, 
was not sufficient to cover the demand tor 
transportation suddenly brought into exist- 
ence, and the Danish Air Lines therefore re- 
opened the provincial routes to Aalborg and 
Esbjerg, which otherwise are flown only 
during the summer season. 

The material owned by the Danish Air 
Lines was not sufficient to cope with this 
extension of the traffic, and consequently a 
Fokker F.XII and a Junkers Ju.52 were char- 
tered from the Swedish company, as well as 
a Fokker F.VII from the Aalborg Air Traffic 
Company. The two large Focke-Wulf ‘‘ Con- 
dor’’ monoplanes of D.D.L., which normally 








Busy scenes such as those on the right were 
common. In the upper picture Danish postmen 
are seen handling some of the mails and freight, 
and, in the lower, passengers are passing through 
customs at Kastrup. Frequently more than 500 
were dealt with in a day. 
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Some tairiy ancient Fokkers were used on inland work. 


sengers and 40,500 kilos ot luggage were transported 
between Copenhagen and Marslev alone. On_ the 
Aalborg route 3,000 passengers and 21,500 kilos of 
luggage were transported. 

However, not only passengers and their luggage were 
carried. During the month of February the provincial 
routes alone transported 492,000 kilos of mail and 
treight. Also the routes for abroad were kept very busy 
and almost every day extra planes had to be put on for 
Amsterdam, London and Berlin. Several times extra 


NCREASING attention is being paid to the production of a 
safety fuel which will eliminate or at least reduce con- 
siderably fire risk, and three papers were given on this 

subject at the 1940 annual meeting of the Society of Auto- 
motive Engineers held at Detroit in January Dr. Haskell, 
of the Texas Co., said that an alkylated form of safety fuel 
had been used in test engines with direct cylinder injection 
and that no difference had been found in power and efficiency 
as compared with other high octane fuels. An alkylated fuel 
is one with certain ‘‘ types of hydrocarbons containing alkyl 
side chains."’ and it has been known for some time that com- 
pounds of high anti-knock value exist above the gasoline boiling 
range. The problem is therefore largely one of producing these 
compounds in great quantity and at a reasonable price, he 
said, and production facilities are in operation or contem- 
plated. with a capacity of 200 million gallons per year. 

Aromatic-type fuels, too, can be used as safety fuels, it was 

revealed by W. M. Holaday, of the Socony-Vacuum Oil Co 
Safety fuels made by the recently introduced catalytic crack- 
ing method contain about 30 per cent. aromatics and have an 
octane number between 85 and 100. Their calorific value is 
14 or 2 per cent. lower than purely paraffinic fuels in the 300 


SAFETY 
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The upper picture shows some of them in the snow. In the lower 
photograph is one of the Swedish machines chartered from A. B. Aerotransport for operation between Kastrup and Marslev 


machines were sent to Copenhagen solely with freight 
which it had proved impossible to accommodate in the 
ordinary planes. 

During the busiest days about 500 passengers were 
transported by these interna] routes only. Many of 
these were thus forced by necessity to undertake their 
first trip by air, which in practically all cases agreed 
very well with the passengers, and consequently proved 
an excellent advertisement for the Danish Air Lines. 
“It is an ill wind ’’—etc. 


FUEL 
to 400 deg. F. boiling range As aromatic content increases 
octane number also increases, but “‘ lead response ’’ (rise im 
octane number with addition of tetra-ethyl lead) diminishes 
and this is an important matter 

The paper given by Ellis and Sweeney, of the Standard 
Oil Development Co., indicated that, while the aromatic types 
would be available from selected crudes, the paraffinic safety 
fuels will of necessity be completely synthetic and will have 
calorific value 6 or 7 per cent. higher than the aromatics when 
compared on a weight basis. They confirmed that there 
appeared to be little difference in performan 

Cold-weather starting may, of course, be a problem with 
these fuels which derive their safety from low boiling point 
and low flash point and cost is going to be an important 
factor. Major Doolittle, of the Shell Oil Co. stated that safety 
fuels of 100 and 95 octane number cost 50 and 30 cents 
gallon respectively. Research work done by the N.A.C.A 
showed that a safety fuel derived by distillation between 325 
and 425 deg. F. had a flash point of 115 deg. F., and caused 
an appreciable reduction in fire hazard. In a single-cylinder 
test engine it gave a similar performance to gasoline of the 
same octane number. 











ser\ 
ire 
bee 


ot 





st 


S 








~<— 





ight 
the 


vere 

of 
heir 
eed 


ved 


ses 
in 
hes 


urd 
pes 
ety 
ive 
en 
ere 


int 


ed 
ler 
he 














APRIL II, 1940 [Avene = 


ITALIAN MILITARY ss 
AIRCRAFT — | 


Distinctive Fighters, Bombers and 
Marine Types 















The uppermost fighter (1) is the 
Macchi C.200. Below it is the Fiat 
G.50, while No. 3 is the biplane Fiat 
C.R.42. All these machines are in 
service and are fitted with the Fiat 
A74 R.C.38 engine of 840 h.p. 
































N the following pages are views of the 
QO majority of modern Italian military air- 
craft. Most of the types illustrated are in 

service with the Regia Aeronautica, while others 
are still in the prototype stage or, not having 
been adopted by Italy, are offered for export. 

There are several other machines, photographs 
of which are not available, e.g., the Piaggio 
P.23R and P.50 II shown in Flight of February 
22, 1940, and the Savoia Marchetti S.M.85 and 
86 twin-engined dive-bombers. It is believed 
that there is a new Piaggio four-engined bomber 
similar to the P.50 II known as the P.108 ; this 
has two pairs of rearward-firing guns—one pair 
in each outboard engine nacelle. They are aimed 
by a gunner from an armed sighting cupola in 
the fuselage 

It will be gathered from the views of the single 
seater fighters on this page that speed is subju- 
gated to manceuvrability. Armament normally 
takes the form of two heavy-calibre Breda 
S.A.F.A.T. guns rather than multiple rifle-bore 
guns 

Pholographs Nos. 5 and 6 are reproduced by 
rtesv of ‘‘ Interavia.”’ 


nM 
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Above are two fast-climbing Italian 
fighters, the Meridionali Ro.51 
No. 4) and the Caproni Vizzola 
S.A. F.5. In each case the engine 
is the Fiat A74 R.C.38 










Italian fighter No. 6 bears a 
Striking resemblance to the 
American Republic (late 
Seversky) designs. It is the 
Reggiani Re 2000. No. 7 is 
the A.U.T.18. 
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1. BREDA 88 


™ 


THE Breda 88 (1) is a multi- 


purpose design and can be 
used for fighting, ground attack 
bombing or reconnaissance A 
top speed of something like 32 
m.p.h. is claimed when two 
Piaggio P.XI.RC.40 1,000 h.p 
radials are fitted. As a fighter the 
armament is four heavy machine 
guns (12.7 mm.), three of which 
are fixed in the nose of the 
fuselage. 

The Fiat C.R.25 is a lighter 
multi-purpose type of lower per- 
formance Only a small series 
was built, but the type was tried 
out in Spain. 

Torpedo-dropping is the 
primary duty of the Caproni 
Ca 312-bis floatplane, a notable 
feature of which is the nose, com- 
posed almost entirely of trans 
parent panels. 

The Breda 65 is used by 
“assault’’ (ground attack) 
squadrons of the Regia Aer 
nautica, and the Ro 37-bis is a 
standard army co-operation type 
which was used extensively in 
Abyssinia and Spain. 











2. FIAT C.R. 2s. 


3. CAPRONI Ca 
312-bis. 


4. BREDA 6s. 


5. MERIDIONALI 
Ro 37-bis 
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6. CANT Z.1007. 


LTHOUGH twin-engined 

bombers such as the Fiat 
B.R.2o and Caproni Ca 135 
are used by the Italian Air 
Force, three-engined machines 
equip a considerable portion 
of the bombing force. The 
best-known machine of this 
layout is the Savoia Marchetti 
S.M.79 (No. 9), which was em 


pee hee A ae : 
ployed on quite a large scale ee ee me s Oy 





aS eo 
in Spain. Thanks to the in 
stallation of Handley Page 
slots and slotted flaps, the 
S.M.79 can operate at wing 
loadings as high as 38 lb. / sq. ft. 

The two Cant machines are 
of more recent design, the 
later version being the Z.1007 
bis with three Piaggio radials 
of 1,000 h.p. The disposable 
load is given as 9,260 lb. 

The Fiat B.R.20 proved suc 
cessful in Spain. It is com 
parable with our Wellington 
and is fitted with Breda power 
operated gun turrets, housing 
large-bore machine guns 

Fitted with two Fiat A.8o 
R.C.41 two-row radials of 
1,000 h.p. each, the B.R.20 is 
claimed to have a top speed of 
263 m.p.h 

Our photograph shows the 
newest edition, which differs 
from the original type in the 
design of the nose. 
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CANT Z. 1007-bis. (By 


courtesy of “‘ Inleravia’’). 
8. FIAT B.R.2o (latest type 


9. SAVOIA MARCHETTI 
S.M.79. 


10. CAPRONI Ca 135. 
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ITALIAN MARINE 
AIRCRAFT 
AND A TRAINER 





The large  three-engined 
floatplane above is the Cant 
4 Z.506B and the single- 
engined flying boat on the 
right the Cant Z.5o01. The 
Z.506B is used for the 
Italian Air Force for long- 
distance patrol, reconnais- 
sance, bombing or torpedo 
dropping. There is a 
bomb-aimer’s position at 
the forward end of the 
torpedo compartment. Two 
heavy machine guns (12.7 
mm.) with 350 rounds each, 
comprises the defensive 
armament. 
The Z.so1 (Isotta Fras- 
chini Asso XI R2C15s) is 
used for long-range scout- 
ing and light bombing. ~ 
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Built by the Meridionali 

concern the Romeo Ro 43 

fighter - reconniassance sea- 

plane (left) is a single-float 

type fitted with a Piaggio 
P.XR radial 


The racy-looking machine 

below is a special long-dis- 

tance version of the Nardi 

F.N.305 two-seater mono- 
plane trainer 
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Resp!endent without camouflage the prototype of the Dewoitine D.520 is seen on a test climb over France. 





FRANCES FASTEST FIGHTER 


The Dewoitine D.520 with 


HE daily papers have lately published a number 
of references to a new fighter which is appearing 
in squadrons of France’s Armée de l’Air. This 
machine, which represents a considerable advance over 
the other French types now in service, is the Dewoitine 
D.520, a product of Société Nationale de Constructions 
Aeronautiques du MidiaS.N.C.A. du Midi). The D.520 
is a low-wing single-seater machine fitted with a His- 
pano-Suiza 12Y engine. The wing-loading is compara- 
tively high, approximating to that of the Messerschmitt 
Me 109, so it may be that the type will prove more 
popular for tackling bombers than as a dog-fighter. 
The prototype of the D.520 (designed to a “‘ pro- 
gramme ’’ intended to supersede the Morane series, for 
which see Flight last week) made its first test flight at 
Toulouse about the middle of October, 1938. It was 
fitted with a Hispano-Suiza 12Y Crs moteur canon, 
though the installation of a more powerful unit of the 
12Y series was visualised at the time. In December 
trials were somewhat delayed when the machine landed 
with its undercarriage jammed up, though subsequent 
testing was facilitated when three additional machines 
appeared. The second of these was finished in January, 
1939, and mounted a 
12Y 51 engine giving 
a maximum of about 
1,000 h.p. This type 
was claimed to do about 


340 m.p.h. 


These figures are not ne 
DIMENSIONS 


During Span 33tt. Sin 


ivine : ; Te ce Length 27ft. Oin 
diving tests in Febru Tae ages 
ary, 1939, a speed of Wing area 150 sq. ft 
Over 500 m.p.h. was Weicuts 
= All-up weight 4,850 Il 


attained, and the type 





DEWOITINE D.520 
Hispano Suiza 12Y Engine 


essarily those 


ANI 


Hispano ‘** Moteur Canon 


passed its official C.E.M.A. tests the following month 
In March it was reported that an order for a series 200 
machines had been placed, though it is to be expected 
that this was subsequently much enlarged. 


In June, 1939, a development type known as the 
D.530 appeared. This was a special “‘speed’’ model 
and it was intended at the time to send it after the 
world’s landplane speed record. There was talk of it- 


ting a Hispano-Suiza engine of 1,800 h.p. ; other rumours 
mentioned a “‘hotted-up’’ Rolls-Royce Merlin of the 
type fitted in the Supermarine Spithre developed for 
high-speed research. 

Since that date little has been heard of the D.520. 
It is known, however, that a number of batches have 
already been delivered, though precise details of the 
engine and armament specified are not available. 

The D.520 is of all-metal construction and has a single- 
spar wing which differs very considerably from that used 
on the older Dewoitine fighters. The nature of the wing 
construction is shown in the accompanying sketches 
Slotted flaps extend outboard to the balanced ailerons 

Of oval section, the fuselage is of shapely appearance 
and at the rear merges beautifully with the vertical tail 


surfaces which are of 
low aspect ratio A 
cantilever tailplane ‘'s 
used. The pilot’s seat 


for the production type 


is just aft of the trailing 


PERFORMANCE 


Max. speed at 13,000ft 341 m.p.h edge ol the wing and 
Minimum speed 70 m.p.h i aa ‘ ee . 
Climb to 13.000 it ~ feos se the cockpit enclosure is 
Service ceiling »,000ft provided with a front 
a panel of armoured 
Wing loading " $2.33 Ib./sq. ft 

see glass Another safety 
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This is how the D.520 appears in its service form. It is considerably faster than the Morane 406s and Curtiss Hawk 75As which 
have been mainly used on the Western Front. 


feature is the protection of the fuel tanks by the “‘self- fitted to the production machines, which may mean that 
sealing’’ method. As on the Curtiss Hawk 75A, there the D.520s will not be used for night-flying. The radiator 
is probably a sheet of armour plating behind the pilot’s __ is of the non-retractable ducted type and is situated just 


seat. forward of the pilot’s cockpit, beneath the fuselage. A 
The undercarriage is of wide track and retracts in- supply of hot air is available to the pilot. 
wardly, the wheels being housed largely below the fuse- 
lace. iis The Shell Gun 
c Ss . : : 
Generally, the shape of the engine cowling resembles Mounted between the cylinder banks of the engine and 
that of the Morane M.S.406 and, for that matter, the firing out through the specially designed airscrew hub 1s 
Supermarine Spitfire, though it is of more refined design a Hispano-Suiza shell-gun. Although in the first 


than that of the Morane. Stub exhausts appear to be machines this may be of 20-mm. bore, it is possible that 
the new 23-mm. long Hispano model may be specified 
The ammunition drum holds at least sixty rounds and 
The engine cowling of possibly a hundred. Provision is made for two free-firing 
the D.520. A Hispano 
12Y is fitted. 





On the right is a 

section of the wing 
of the D.520 while © 

below is a portion © © 
of the main spar 

together with a © 
sketch to show the © 
section. The 

machine is much 

better suited to 

rapid production 

than previous 

Dewoitine types. 
















STRUCTURAL 
DETAILS. 
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Span 33ft. sin. Length 
27ft ojin. Wing area 
150 sq. ft. 























DEWOITINE D.520. 








wing-mounted guns which, for the sake of standardisa- 
tion, are likely to be of the Browning pattern as used 
by the Curtiss Hawk 75As. Perhaps, in view of the 
tendency towards heavier fire power for fighters, another 
pair of wing guns may be added. It appears that behind 
the wing gun compartments there are louvres which may 
be presumed to extract gun gases and assist in cooling. 
The manufacturers are particularly proud of the 
saving in time of construction as compared with that 
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mounted shell-gun and two or more machine guns. 


FOR “L’ARMEE DE L’AIR” 


D.520s off the production line of the S.N.C.A. du Midi, the nationalised factory which is mass-producing the type. 
is the fastest of the French fighters now in service, being capable of something like 340 m.p.h. Armament comprises an engine- 
It will be seen that the undercarriage is of wide track 





required for the older Dewoitines. It is claimed that 
the 7,000 hours needed represents only half the time 
taken to build the D.510 fighter. This has been made 
possible by the wide use of electric welding, mechanical! 
riveting and by the generally simple construction. 

The new spar demands only 324 hours as compared 
with the 1,993 hours for that of the D.510, while the ribs 
are accounted for in 60 hours, a saving of no less than 
1,300 hours, which can be used for general construction 
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The D.520 
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The Impersonality of Numbers : Air 


Transport of Stores 


By CAPTAIN NORMAN MACMILLAN, M.C., A.F.C 


(Continued from page 312 


T seems to me extraordinary that the Royai Ai 

Force ever permitted itself to become so complicated 

as to lose a grip upon essential parts of its own Ser 
vice, so that they have been wrenched away by one o1 
other of the older Services. 

Its most mobile section, the Fleet Air Arm, was 
erafted on to the Navy over a period of years ; the Ain 
Forces in France are now subordinated to the Army 
Command. 

In the main, the Air Ministry has only itself to thank 
for these amputations, for it has ignored the value of 
public support. 

In recent years the Air Ministry has allocated to the 
Royal Air Force a new list of names and groups of 
initials. On the combatant side of the Air Service (with 
which we are here concerned) there are the Bomber 
Command, the Fighter Command, the B.A.F.F., the 
A.A.S.F., the older nomenclature of the Middle East 
Command and other, farther east, segregations of the 
R.A.F. 

All these names and initials represent groupings of 
various sections of the Royal Air Force, some of them 
useful for purposes of administration, others for pur- 
poses of operations. But outside an enlightened circle 
they create confusion of thought. To the general public 
they mean nothing. That is why so much publicity 
has to be thrown away in explaining how such things 
as the Fighter Command works, and what it comprises. 


The naval method is so much more forthright, so 
much easier for the public to understand. It lends itself 
better to publicity. The slogan ‘ The Silent 
Service ’’ was the best publicity slogan any Service eve 
coined ; it magnifies « verything the Admiralty publicists 
put over. 

The public understands the Navy. It doesn’t undet 
stand the Air Force. The latter has invented too man\ 
strange names. Its ranks and its units are unfamiliai 
to the public ; its lack of any distinction among its rank 
and file strips them of interest 


Names versus Numbers 

The Navy has its named cap ribbons, the Army its 
regimental badges. The Navy christens its ships by 
name ; the Army unfurls flags with battle honours that 
enhance the glory of county and other traditional 
names. But the Air Force calls its squadrons by arith 
metical numbers, and most of its aerodromes after almost 
unknown villages ; the only names it permits are allo 
cated to types of aeroplanes, and they die out in ten 
years. 

The Navy and the Army know the value of tradition 
[hey know that tradition can linger in a name. The 
Air Force. on the other hand, seems to think that tradi- 
tion can survive better in a number. That the Ait 
Force is wrong is shown by the plate on every suburban 
house bearing a name which is valued more highly by 





the 
it 


ser 
ver 


strc 
tol 
abl 
Mo 


has 
the 


am 
tho 
the 
two 





so 


elf 


sts 


n 
1€ 


in 
Vy 











APRIL 18, 


That the Curtiss H75-C1 is very manceuvrable is conveyed by this special drawing. 





“ Flight Copyright Drawing” 


The four wing guns may be seen; there are 


two others in the fuselage. 


FRANCES CURTISS FIGHTER 


The Maneuvrable 
OST popular of the single-seater fighters used 
since the beginning of the war by the French 
Air Force is the American-built Curtiss bearing 

the official designation H75-C1. In the Curtiss plant 

it is known as the Hawk 75A, or simply the ‘‘ French 

Hawk.’’ Originally the name Hawk was applied to a 

series of biplane fighters but was retained for the export 

versions of the U.S. Army Air Corps’ P-36. 

The Hawk 75A is not outstandingly fast but is very 
strong and tractable. While in France the writer was 
told by a Curtiss pilot that it is slightly less manceuvr- 
able than the Hurricane, but rather handier than the 
Morane M.S.406. The Americans say that the type 
has made the Merog a ‘‘ Messeratz.”’ 

It was in December, 1938, that Captain Vignier, of 
the C.E.M.A., witnessed the tests of the first two H75- 
Cis at Buffalo. These headed a series of 100 machines 
and were credited with a top speed of 298 m.p.h. 
though later improvements raised the performance and 
the initial order was subsequently increased. The first 
two machines went through their tests well, though 





Six-gun H75-C1 


the gun mountings were found to need strengthening. 

February, 1939, saw the first machines tested at 
Bourges, in France, where they were assembled. Michel 
Detroyat was the pilot. Firing tests with the four 
Browning guns were conducted at Cazaux, the French 
aerial armament centre. 

Some of the early machines met with troubles, pos 
sibly due to poor assembly. One forced landing—the 
result of a faulty airscrew which caused the engine to 
overheat—received publicity and there was a fatal 
accident at Bourges during aerobatics with full tanks, 
the machine getting into a flat spin. To-day, however, 
the machine is exceptionally popular among the fighter 
pilots of l’Armee de I’ Air. 

The most severe test conducted on the H75 was made 
in January, 1939, when the Curtiss test pilot Child dived 
one for 18,ooo0ft. Official French automatic recording 
instruments were on board and a speed of 575 m.p.h. 
was registered Actually the range of the recording 
device was exceeded and as the machine came out of 
the dive the recording needle returned to the drum. 


e Cc 









(Above) An aerial impression 
of an H75-C1 of the newest 


On the right is a Curtiss of 

the “Sioux ’’ squadron which 
, has met with several suc- 

cesses. 

The Americans think that a 
speed of slightly more than 
600 m.p.h. was attained. 
They were not slow to point 
out that this is considerably 
faster than the bullet of a 
Colt .45 automatic pistol, 
which leaves the muzzle at 
547 m.p.h. 

This stringent test was 
requested’ partly because 
the French visualised having to attack 
dive-bombers after they had entered 
their dives. 

The H75-C1 is a compact radial- 
engined low-wing monoplane. It has 
a fuselage of monocoque construction 
with smooth Alclad skin covering. 
The tail unit is of full cantilever con- 
struction with all-metal rudder and 
tailplane and _ fabric-covered rudder 
and elevator and an adjustable trim- 
ming tab is incorporated in the rudder. 

The wing tapers moderately and has 
rounded tips. Structurally, it has 
longitudinal stringers, shear beams and 
ribs of aluminium alloy and is covered 
with smooth Alclad. Split trailing 
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FRANCE’S CURTISS FIGHTER (CONTINUED) 





edge flaps extend between the fabric-covered ailerons 
and the fuselage. 

Not only the main undercarriage, but the tail wheel 
is retractable. Operation is by a hand pump which also 
raises and lowers the flaps. - The main wheels ar 
hinged on the front wing spar and during their rear 
ward retracting motion turn to about ninety degrees, as 
on the Miles Master. The wheels lie flush in the wing 
but there are external fairings over the legs. The tail 
wheel, when raised, is covered by small clam-shell 
doors. 

A Pratt and Whitney Twin Wasp 14-cylinder radial 
is standardised being housed in a long-chord cowling of 








elliptical section and fitted with adjust 
able cooling gills. The initial batches 
of H75-Cis are believed to have been 
fitted with Twin Wasp SC3-G engines 
giving goo h.p. at 2,550 r.p.m. at 
12,000ft. As now delivered they have 
a later mark of engine with a higher 
rated altitude. Using 1o0o-octane fuel 
the Twin Wasp will deliver 1,200 h.p 
for take-off. 

A Curtiss electrically controlled con- 
stant-speed three-bladed airscrew is 
specified. This is furnished with both 


Behind the pilot's cockpit is a manual and automatic controls 
se a —— and may be adjusted to any constant 
parachute offers additional pitch setting by the manual control or 

protection. to maintain a constant r.p.m. by the 


automatic control. The French 
pilots say that like the engine, the 
airscrew is practically troubl 
tree. 

The pilot’s cockpit is just fot 
ward of the trailing edge and has 
an enclosure of Plexiglass. The 
sliding hood is controlled by a 
crank handle and one side is 
equipped with a quick release de 
vice for emergency use. Two 
long panels of Plexiglass, shaped 
to the fuselage contour extend 
behind the cockpit permitting 
degree of rearward vision and 


A “French Hawk'’’ about to be 
taken up for a test flight at the 
Curtiss Buffalo plant 
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CURTISS HAWK H75—Cl 
Pratt and Whitney Twin Wasp engine. 


DIMENSIONS Weicnts aND LoapINGs 


Span vit. din Weight empty 4,520 Ib. 
Lengtl 2ait. lin a in 
Height oft. 3in Weight loaded 5,805 Ib. 
Wing " 234 sq. ft Wing loading 25.06 Ib. sq. ft 
PERFORMANCE 
Max d at 
14,000 ft 209 m.p.h Service ceiling 20,500 ft 


admitting more light. Behind the seat (the pilot 
wears a back-type parachute) is a sheet of armour-plat- 
ing and aft of this a baggage compartment. It was 
pointed out by the Curtiss pilot already mentioned that 
this provides ample stowage for champagne when one 
flies over from a neighbouring squadron to celebrate a 
success. 

The P-36s of the U.S. Army Air Corps were originally 
fitted with one 0.5in. Browning and one 0.3in. Brown- 
ing, both mounted in the top cowling and firing out 
through the characteristic nozzles over the engine. 
These machines now have two additional free-firing 
wing-mounted rifle-calibre guns and _ experimental 
models have been fitted with six rifle-calibre Brownings 
or two 23 mm. shell-guns and two machine guns. 

The first French machines were delivered with two 
rifle-calibre Brownings in the fuselage and two in the 
wings, but another pair of wing guns has now been 


added, giving the machine a superiority in fire power 





CCORDING to reports the latest secret weapon of 
A the Nazis is a bomb fitted with small wings ; in othe: 
words, a sort of explosive glider. This rather start 
ling idea is not as new as it sounds, however, having been 
first conceived by the Italian technician, General Crocco, 
about 1914. Since that time numerous learned articles 
have been published in various papers discussing the pos 
sibilities of this form of bombing. 

In the case of normal bombing with finned bombs the 
effectiveness of the attack is somewhat impared by the low 
speed at which the projectiles hit 

On the contrary, with its greater inherent stability, the 
flying bomb would be able to conserve for a long while 
the propulsive force which it has at the moment of release 











over the four-gun Messerschmitt Me 10g. The usual 
reflector and ring-and-head sights are fitted and pro 


vision for a rack of light bombs is also made 


An imposing line-up. Note the method ot 
mounting the guns in the top of the engine 
cowling. 











THE WINGED BOMB 


Taking a 100-kilogram bomb as an example it is calcu 
lated that it would require a wing of less than three feet 
span and about 34 inches chord, made of steel sheet 2 mm 
in thickness 

The greatest difficulty envisaged is that of directional 
stability, the most favourable case being subject to an error 
in direction of over a mile at a range of 12 miles 

Yet another possible development is that of combining 
the flying bomb with a powerful rocket, thus giving much 
wcuracy and penetration This method of 
propulsion, which would increase the velocity of the 
bomb from 50 to 500 m./ sec according to the 
and thermal efficiency of the rocket used, is not very far 
advanced at present 
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UST as squadrons of the Royal Air Force have their 
own crests, units of the German Luftwaffe adorn 
their aircraft with distinctive markings, though these 

are not usually based on heraldic motifs. They follow, 
in fact, the style favoured in the U.S. Army Air Corps 
and Navy and are often of a humorous character or are 
inspired by some personage in the news. (In this con- 
nection it is not to be supposed that No. (8) represents 
any figure in modern Germany. ) 

The drawings—by Mr. J. H. Stroud—are faithful 
copies of typical German markings. No. 1—the Eagle- 
has been seen on Dornier Do 17 and Heinkel He IIIK 
bombers ; the “‘ Neville Crying’’ (2) has been used on 
Messerschmitt Me r1og single-seater fighters; the Sun- 


(7) (8) 


GERMAN 
MARKINGS § 


Some Typical Insignia 
from 
Enemy Fighters, Bombers 
and Seaplanes 









flower (No. 3) was applied to some of the earlier Do 175 
with B.M.W. VIa engines ; No. 4—the Bow and Arrow 

is the marking of a Me 10g squadron ; the Sea Horse 
(No. 5) has been adopted for the Arado floatplanes which 
operate from the German pocket battleships ; No. 6—th« 
Cat—has been seen on some of the latest Me 109s ; No. ; 
is a peculiar arrangement used on some Heinkels (the 
Mercedes-Benz (Daimler-Benz) trade mark may be seen 
in the centre) ; the Pig (No. 8) is the insignia of a Junkers 
Ju 87 dive-bomber squadron ; in No. g—from a Ju 88 
which took part in the Scapa Raid—Mr. Chamberlain’s 
umbrella is eclipsed by a gun sight; and No. 1o—the 
Lion—appears in red and green on Heinkel He IIIK 
bombers. 





(9) (10) 
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A History of Marine 
Aircraft Development : 
Supermarine’s Twenty- 
eight Years of Un- 
interrupted Work : A 
Great Racing Record 


WO facts stand out prominently in the following 
record of the work and types of aircraft of the 
Supermarine works of Vickers-Armstrongs, Ltd.: 

the amazing versatility. of the firm in producing at least 
one new type every year, and the concentration of effort 
on marine aircraft. Landplanes there have been in Super- 
marine history, but they have been incidental until the 
Spitfire. The speciality always has been, and is now, 
marine aircraft. In the early days there was always a 
nice tang of the sea about everything Supermarines did, 
and no one who visited the old hull shop will ever forget 
the delicious scent of the wooden planks being shaped 
there by craftsmen. The whole idea behind everything 
was aptly summed up in the phrase coined many years 
ago: ‘‘ Not an aeroplane that will float but a boat that 
will fly.’ Seaworthiness first, other desirable features 
second. 

But we are rather anticipating. Originally the firm 
was founded ‘by Mr. Noel Pemberton Billing in 1912, 
and a small factory was established on the banks of the 
river Itchen, at Woolston. The beginnings were quite 
modest, and we recollect that the first time we visited 
the factory, which had by then begun to produce on a 
small scale, we were shown a great many projects, and 


The P.B.1 was a biplane flying 


The first “ Supermarine.”’ 
boat with 50 h.p. Gnome rotary engine driving a tractor air- 
screw. Note the grapnel in the bows. 
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Above, one of the early Spitfire fighters. 


Designed and built in a very short space of time 
in 1914, the P.B.g (left) was nicknamed the 
* Seven-day "’ bus. 


a few actual achievements, the latter being 
in the form of a few frames and planks 
(spruce, by the way) intended for a flying 
boat. At night we were the guests of Mr. 
Pemberton billing on board a three-masted 
schooner in which he lived at the time. This 
was moored in the Itchen, a short way above 
the factory. And what schemes we dis- 
cussed! What arguments we had! The boat 
that was building was unorthodox enough in all con- 
science, but it was as nothing compared with the ‘‘ paper 
boats.’” One of these, we remember, was-so designed 
that if it had to make a forced alighting on the sea, an 
occurrence which was not infrequent in those days, it 
could shed its wings and proceed as an ordinary motor 
boat. Bold, you will say, but the idea certainly had 
merits. Like so mauy of Pemberton Billing’s schemes, 
it was years ahead of its time. 

On this particular occasion, we were met at South- 
ampton West station by a ginger-headed young man in 
an A.C. We did not know who he was, nor had we any 
means then of knowing that he was destined to become 
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Reading from top to bottom we have a single-engined pusher which 
was built during the last war (1915). It was also flown as a land- 
plane. It became nicknamed the “‘ Push-prodge.”’ 


Another wartime production was this twin- 

engined quadruplane built in 1916. Note the 

gun positions in the nose of the fuselage and 
on the top plane. 


The machine which really laid the foundation 
for the greatness of the Supermarine firm was 
the so-called Channel Type developed from 
Admiralty designs. It did good work as a 
commercial aircraft, and was also sold abroad 
for Naval training purposes. It began to ap- 
pear in 1919. 
The Seagull, Mark I, amphibian making a 
landing test on rough ground in the Air 
Ministry competitions of 1921. 




























































27 ee EE —- In 1922 appeared the Sea King, a modified 

i © - onieee ' version of which took part in that year’s 

-— eaeraaee = a Schneider Contest under the name Sea Lion 

II. Note that the pusher arrangement is still 
retained. 


the head of the concern one day. He will crop up again 
later in these notes, so we may as well say now that his 
name was Hubert Scott-Paine. 

But, to return to the shop at Woolston, the frames 
and planking seen there were for a flying boat which 
it was intended to exhibit at the 1913 Olympia Show 
Its type designation was P.B.1. The hull was of perfect 
streamline form, except for the single step, which was 
wide and deep and with a flaring chine. The machine 
duly appeared at Olympia, where it was inspected by 
King George V. The hull was built of spruce, and the 
50 h.p. Gnome rotary engine was mounted in the gap 
between the wings of the biplane superstructure. In 
order to keep the engine position as low as possible, a 
three-bladed airscrew of small diameter was used. In 
addition, the engine was tilted upward at quite a con 
siderable angle. We believe we are right in saying that 
this machine never flew. It was certainly under- 
powered, and it would probably have porpoised badly 
during the take-off. 


Private Enterprise 

For the first two years or so Mr. Pemberton Billing 
carried on the firm as a private concern. In 1914 he 
turned it into a public company under the title Pember 
ton Billing, Ltd. But already in 1913 he had registered 
the word ‘‘ Supermarine ’’ as his telegraphic address. 

Then came the war. Mr. Pemberton Billing realised 
that rapid aircraft production would be a necessity, and 
he set to work on a small biplane scout, the P.B.g. Thi 
was designed and built in an incredibly short tim 
‘“P.B.”” used to claim that it was built in a week ; that 
may have been exaggeration, and there were those who 
said that it looked as if it had! But it was certainly 
built in a very short time. Later it did a 
fair amount of flying at Hendon. 

Quite early in the war it was realised 
that the works at Woolston were well 
situated for doing repairs to machines 
damaged in France, and during the whole 
period of the war the factory was always 
busy on repairing aeroplanes sent home 
from Le Havre. 

In addition to this repair work, the 
factory at Woolston was busy .in othe 
directions and was considerably enlarg: 
Ultimately the Government took over tl 
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1912 TO 1940 (CONTINUED) 





control of the works, and a large propor- 
tion of the experimental work for the 
Roval Naval Air Service was carried out 
there. Design was done by the Admiralty, 
types being known by the letters A.D. 
(Admiralty Design), followed by a 
number. 

One aircraft which was, we believe, pro 
duced before the Admiralty took control 
was a little single-seater fighter scout with 
pusher engine. It was later nicknamed 
the ‘‘push-prodge,’’ a contraction of 


Top) A change to tractors. When the 
Seagull appeared in 1923, the Supermarine 
designers were found to have abandoned the 
pusher arrangement. The machine was an 
amphibian, and several were sold to 
Aust-alia, where they did excellent work. 


Right) Commercial aviation in 1923. The 
Sea Eagle was a _ six-seater amphibian. 
The high bows were intended to give protec- 
tion against spray. 
(Below) For the Lympne light plane meetings 
of 1924 and 1926, the Supermarine firm pro- 
duced the little Sparrow, one of the very few 
landplanes turned out by them. 


RX 


The group on the right shows 
Royal interest, 1924. The Prince 
of Wales (now Duke of Windsor) 
paid a visit to Southampton. On 
his left in this picture is Commander 
James Bird. Also in the group are 
Mr. R. J. Mitchell, the designer, 
and Capt. Biard, the test pilot. 


(Above) The Solent shown here had 
three engines. It was originally 
designed as a torpedoplane, and 
later converted into an air yacht. 
Right) 1925—the beginning of 
modernity. The first Southamptons 
had wooden hulls. This particular 
machine is the first ever built, and 
carried on its bows a shield pre- 
Sented by the town of Southampton. 
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pusher projectile. At the other end of the scale was a 
large quadruplane with two engines. This was not a 
success, but it was ingenious. To give the gunners a 
good field of fire, one was placed in the nose of the 
fuselage and the other in a cockpit level with the top 
plane. 

During the war also, several flying boats were de- 
signed and built. From these was developed, when the 
war ended, a Single-engined pusher which later became 
known as the Channel type. But in the meantime con- 
siderable changes had taken place at Woolston. Early 
in the war Mr. Pemberton Billing joined the Royal 
Naval Air Service, and afterwards he resigned his com- 
mission in order to become a Member of Parliament. So 
that he should not be accused of having any axe to 
erind, he sold out his interest in the firm to his co- 
director, Mr. Hubert Scott-Paing, who thus became sole 
proprietor. Towards the end of 1916 the title was 
changed to The Supermarine Aviation Works, Ltd., and 
Mr. Scott-Paine became managing director. 

Mr. Scott-Paine and Commander James Bird, who 
had joined him some time in 1919, needed all their 
enthusiasm for the years that followed the war. There 
was, of course, the inevitable slump in aviation, and 
builders of marine aircraft were in a worse position 
than others, because at that time few had the vision to 
see that, although the flying boat was greatly inferior to 
the aeroplane in efficiency, it need not always remain 
so handicapped. These two never lost faith, and from 
the end of the war they instituted a policy in which 
private enterprise loomed large. Support from the 


Government was unlikely for a long time, and they 
decided that they would have to stand on their own feet 
if they intended to survive. 


It was the metal-hull Southamptons which did such excellent work by undertaking cruises to Africa, Singapore and Australia 
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The Channel type was, as already mentioned, the first 
commercial flying boat to be produced after the war at 
Woolston. It had a single 160 h.p. Beardmore six 
cylinder-in-line engine, driving a pusher airscrew. The 
power loading was high, and in unfavourable weathet 
and sea conditions the take-off was somewhat prolonged 
In fact it was sometimes said, quite untruthfully, of 
course, that on a short coastwise trip it was simpler 
just to taxi! There was accommodation for thre 
passengers, 

The Channel type did excellent propaganda work from 
1919 onwards. It was used for flights to seaside resorts 
and later for operating a service to the Channel Islands 
The machine was exhibited at the Olympia Show of 
1920, at which was shown for the first time a new singk 
seater fighting scout, the Sea King. This had a span 
of 35ft. only, and with the same 160 Beardmore engin 
was, of course, much faster than the Channel typ 
(Later Channel types had the 240 h.p. Siddeley Puma 
engine). 


Exploratory Work 


In addition to its coastwise and other services, the 
Channel type was used for exploring for oil in South 
America and for an air service in Bermuda, while 
Norway bought several for commercial use. 

For the competition held by the British Air Ministry) 
at Martlesham and Felixstowe in 1920, the Supermarint 
firm produced an amphibian powered by a 360 h.p. Rolls 
Royce Eagle engine. The machine had accommodation 
for two passengers and the pilot, so that the commer- 
cial load was not large. It was instructive to see it land 
on rough ground. As soon as the wheels touched, the 
tail would come up and the bows of the hull would 
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slide along the ground, acting as a very useful brake. 

Although the amphibian did not do particularly 
well in the Air Ministry competition, it had proved what 
the designers were seeking, and a development of it was 
put in hand for the Air Ministry. Instead of the pusher 
airscrew of the 1920 machine, this amphibian had a 
tractor, and a 450 h.p. Napier Lion engine had replaced 
the Eagle. There were many other improvements, and 
the Seagull had quite a respectable performance 
(93 knots). The land undercarriage was a great improve- 
ment on that of the previous year’s machine. In addi- 
tion to the pilot, the Seagull carried a wireless operator 
and a rear gunner. 

In 1921-22 the Supermarine company again turned to 
the single-seater fighting scout. In 1922 appeared the 
Sea King, Mark II, which had a 300 h.p. Hispano-Suiza 
engine. In spite of the fact that the machine was an 
amphibian flying boat, and that the undercarriage lifted 
clear of the water but did not retract into hull or wings, 
the performance was good for the power ; 125 m.p.h. at 
sea level (the engine was unsupercharged, of course), 
and climb to 10,000ft. in 12 minutes. The airscrew was 
a pusher. The pilot was armed with a Lewis gun. 

In the summer of 1922 Mr. Scott-Paine and Com- 
mander Bird formed a new company: the British Marine 
Air Navigation Co., Ltd., for the purpose of operating 
flying-boat services between Southampton and such 
places as Cherbourg and the Channel Islands. For the 
first time they received Government aid in the form of 
a subsidy of 25 per cent. on the gross earnings. The 
machines to be used were of what was known as the Sea 
Eagle type, single-engined amphibian flying boats with 
Rolls-Royce Eagle engines. The company was fairly suc- 
cessful in operating services, and when Imperial Airways 
were formed, the British Marine Air Navigation Co., 
Ltd., was one of the firms taken into the new company, 
Mr. Scott-Paine becoming a director. 


Saving the Schneider 

At this time, 1922, the Schneider Trophy was in grave 
danger of being lost to Great Britain, Italy having won 
it two years in succession. A third win would mean that 
Italy could claim the Trophy permanently. No Govern- 
ment assistance was forthcoming, and with a sporting 
spirit for which they were never given sufficient credit, 
Mr. Scott-Paine and Commander Bird decided to finance 
a venture themselves. One of the Sea King machines 
was modified and cleaned up for the race, and the 
Trophy was wor at Naples by Henri Biard, Super- 
marjne’s test pilot. The story of Supermarine partici- 
pation in the Schneidez Trophy contests, and their final 


victory in 1931, is illustrated on other pages. as it forms 
such a prominent feature of the firm's history. But 
here it should be pointed out that but for Biard’s victory 
at Naples in 1922, Great Britain would never have be- 
come the permanent holder of the coveted Trophy 

As another instance of the enterprise shown by the 
Supermarine firm, one may mention that by 1922 cuite 
a good export business had been established, and Super- 
marine boats had been sent to many parts of the world. 
Japan, for example, had bought both the Channel type 
and also the Seagull amphibian. The latter had a 
450 h.p. Napier Lion engine, and was later adopted by 
our own Government, while a number were sold to 
Australia. Chili bought the Mark ITI Channel type, with 
a redesigned front step which gave much cleaner running 


First Passenger Boat 

Reference has already been made to the Sea Eagle, 
the type operated by the services of the British Marine 
Air Navigation Co., Ltd. The first of these was com- 
pleted and tested in the summer of 1923. It was similar 
to previous Supermarine types, but had very high bows 
and a straight stem in order to prevent her from ‘‘ taking 
it over green,”’ to the discomfort and discomfiture of the 
passengers. This was the first flying boat specifically 
designed for passenger-carrying. The six passengers were 
accommodated in the forward cabin, while the pilot sat 
aft of and above the cabin, in line with the leading edge 
of the wings. As the Rolls-Royce Eagle IX engine 
developed but 360 h.p., the power expenditure per pas- 
senger was very modest indeed. One of these machines 
took part in the race for the King’s Cup in 1923, and 
another was sent to the Swedish Aero Show at 
Gothenburg. 

In spite of all this activity, Supermarines found time 
to enter a machine for the 1923 Schneider race at Cowes 
This was the Sea Lion III. It was outclassed by the 
American Curtiss twin-float seaplanes, and did not win, 
but Biard put up a magnificent show, and finished the 
race in a vertical climb to several thousand feet 

Early in 1924 the first twin-engined Supermarine 
amphibian flying boat appeared. This had two Rolls- 
Royce Eagle engines, and the hull shape was based on 
that of the Sea Eagle. with high flaring bows. It was, 
however, a military type, with a gunner in the bows and 
the pilot in a sort of ‘‘coach house’’ raised above the 

(Continued on page 1.) 


The Supermarine Seamew was a ceconnaissance flying boat 
(amphibian), powered by two Siddeley Lynx engines 
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In the upper left-hand corner is shown the Sea Lion I flown by Commander 
Hobbs in the 1919 contest at Bournemouth. The engine was a Napier 
Lion. 


G-EBAH is the Sea Lion II, also with Napier Lion, on which Capt. Biard 
won the contest at Naples in 1922 at a speed of 145 m.p.h. 


On the right, a view of the Sea Lion III, piloted by Capt. Biard in the 1923 
contest held at Cowes. Capt. Biard is in the cockpit. 


Below, the S.4 (Napier racing engine) which, after establishing a world’s 
speed record of 226.752 m.p.h. at home, crashed at the Baltimore contest 
of 1925 
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(Continued from page i.) 
general level of the deck. The type was later given the 
name Swan, and was probably the first of its class. 

Also in 1924 the twelve amphibian flying boats ordered 
by the Spanish Government were built. at Woolston. 
They were generally similar to the Seal, with a single 
Rolls-Royce Eagle engine, and the high flaring bow 
which had been such a characteristic feature of the Sea 
Eagle. The type was known as the Scarab, and proved 
a useful acquisition for the Spanish Air Force. 

Of other events during 1924 may be mentioned the 
participation of a Seagull in the King’s Cup race, and a 
visit by the Prince of Wales to the works at Woolston. 

A radical departure associated with the year 1924 was 
the production of a light plane for the Lympne com- 
petition. This was a little two-seater sesquiplane with 
a three-cylinder Blackburne engine. Two years later it 
reappeared in redesigned form as a parasol monoplane, 
and it is in this form that it is shown in the photograph. 

The year 1925 can, perhaps, be said to mark the real 
beginnings of Supermarine greatness, for in that year 
appeared the first machine of a type which was destined 
to become famous and to carry the name to the four 
corners of the world. The Southampton was, so to 
speak, the beginning of real modernity, and in it Mr. 
R. J]. Mitchell, who kad joined the firm in 1916, and 
who was chief designer for almost the whole time until 
his death in 1937, really began to ‘‘clean up”’ aerody- 
namically. His long experience of flying boats, and the 
lessons learnt from the building of Schneider Trophy 
challengers, stood him in good stead now, and all the 
firm needed was official encouragement in the form of 
orders. 


A Thing of Beauty 

When the first Southampton appeared in 1924 it was 
generally acclaimed as the most beautiful flying boat 
ever produced, and even now, with the biplane a thing 
of the past, its lines certainly are extremely pleasing to 
the eye. The first machines of the type had wooden 
hulls, and few who have had the privilege of walking 
through the hull shop at Woolston in those days will 
ever forget the pleasure of watching those wooden hulls 
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The Southampton, Mark 
X, had Siddeley Jaguar 
engines and a flat-sided 
hull. 


being made, the thrill of 

running one’s fingers 

over the smooth surface, 

and the scent of the 

° wood planks, fitted to- 

gether with such loving 

care by the real craftsmen whom Scott-Paine employed. 

With a total loaded weight of 14,300 lb., and driven 

by two Napier Lion engines, the Southampton had a 

maximum speed at sea level of 108 m.p.h. Triple fins 

and rudders were a feature of the design, and the biplane 

tail of earlier types had given way to a monoplane tai! 

A very large number were ordered by the Air 

Ministry, and it was also in 1925 that the Australian 

Government ordered six Seagull amphibians. The 

amphibian was chosen with operation all over Australia 

in mind, and later the machines were used for a survey 

of the Great Barrier Reef, when the undercarriage mad« 

beaching easy, as the machines could just lower thei 
wheels and taxy up on to the beach. 


Cleaning-up 

Looking back on 1925, it is a source of wonder how 
the Supermarine works managed to turn out so man 
machines. In that year, too, appeared the first reall 
“‘clean’’ Schneider machine, the S$.4, in which Mr 
Mitchell had really let himself go. Into that machin 
he put everything he knew. With great daring (for th 
time) he made the wing a cantilever, and even the two 
floats were carried on cantilever struts. The engine was 
a special racing version of the Napier Lion. Befor 
going to America for the Schneider race, which was held 
at Baltimore that year, the machine was put over the 
official speed course and, piloted by Henri Biard, it 
averaged 226.752 m.p.h., a world’s record. In 
America Biard had bad luck ; during a sharp turn th: 
machine developed wing flutter (or aileron flutter) and 
crashed. Fortunately, Biard was not hurt. 

During 1926 two Supermarine Southampton flying 
boats completed a flight to Egypt and Cyprus and back 
Leaving Cattewater, Plymouth, on July 1, they wer 
back again on July 30. The flight was undertaken as 
a service exercise, and was the first of its kind to \« 
made by the R.A.F. 

Many visits were also paid, in 1926, by Southampton 
flying boats of the R.A.F. to British seaside resorts. 

"1927 was a great year in Supermarine history, perhaps 

The Air Yacht (below) was bought by the Hon. A. E. Guinness 

It is shown with Siddeley Panther engines. 
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RIOR to a course at a F.T.S. a L./A.C. from 
an 1.T.W. goes to an E.F.T.S. where, supervised 
by the C.F.I. and C.G.1., he learns how to find 

an E.T.A. with the aid of a C.S.C. ; the relationship of 
r.p.m. to h.p. and of C.G. to C.P. and the inevitability 
of C.B. following A.W.O.L. 

None of which should require explanation to any 
R.A.F. trainee, for it is no more difficult to compre- 
hend than those classics of lucid terminology ‘‘ad- 
vanced elementary ’’ and “‘ pre ab initio.’’ However, 
as this and subsequent articles will be aimed at provid- 
ing for the uninitiated a picture of Service Training, we 
shall explain that an Elementary 
Flying Training School is a prospec- 
tive pilot’s first step from the Initial 
Training Wing, and that it prepares 
him for a more advanced course at 
a Flying Training School. 

Like most of the elementary 
schools the one selected for our 
visit (it is operated jointly by the 
Bristol Aeroplane Co., © 
Ltd., and the Air Ministry) 
is in restful country. The 
Tiger Moths drone in- 
dustrially on their circuits 
or disappear on 
country flights over the 
windy hills which abound 
in strange legacies from 
ancient times. From the 
Electrical and Wireless 
School which shares the 
aerodrome, the _ bigger 
Rapides and Ansons fly off 
loaded with pupils and 


cTross- 


The Chief Fiying Instructor 
has a word with a new 
arrival. 


ELEMENTARY TRAINI 


A Typical R.A.F. School in the West Country 


(JUlustrated by « Flight"’ Photographs) 
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Tiger Moths and pupils. Behind are Ansons and Rapides used 
by the Electrical and Wireless School for instructional purposes. 


instructional apparatus. Particularly on a drowsy after 
noon the place seems for all the world like a Brobding- 
nagian beehive. 

There is much to divert attention from the purely 
initial flying training, for in these days the curriculum 
of the elementary F.T.S. has been much extended and 
may include ‘‘ advanced elementary,’ or intermediate 
instruction (this is normally given at a Flying Training 
School) and an Air Observer's course. 

The C.O. or, as he is known at the school, the C.F.1 
(Chief Flying Instructor), flew Camels in the last war 
We found him engrossed in planning details of a new 
course. 

Later, as we sat in his sunny office and watched the 
busy Tigers, he explained the workings of the elemen 
tary course, which varies in length but normally lasts 
for 50 days in the summer and 70 days in the wintet 
The pupils arrive after spending 4-6 weeks at the Initial 
Training Wing, where they have been well lectured and 
drilled. Each is posted to one of four flights; it has 
hitherto been the custom of the C.F.I. to talk person 
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Left) Blind take-off in a 

Tiger Moth, the most 

commonly used elemen- 
tary trainer. 


Below) It will be seen in 
this overhead view that 
the cockpits of the Tiger 
Moth are grouped close 
together and that exit in 
emergency is easy. Note 
the blind-flying hood. 


ally with every new arrival, but at the present rate of 
reception this is becoming almost impossible. 

A normal day’s instruction is divided into flying and 
ground subjects. If a pupil is in the air during the 
morning, his afternoon will be spent at lectures, on the 
range, or perhaps handling an Aldis lamp while those 
who have received ground instruction during the 
morning take over the Tigers during the afternoon. The 
schedule of flying instruction calls for a minimum of 50 
hours dual and solo, not less than 25 per cent. of which 
must be dual. Item No. 1 on the sequence of instruc- 
tion is termed “‘ air experience ’’ ; this familiarises the 
pupil with the sensation of flying and with the layout 
of the cockpit. Next he notes the effect of controls 
and learns the art of taxying before making straight and 
level flights. Climbing, gliding and stalling are followed 
by medium turns and by take-offs into wind, power 
approaches and landings, and gliding approaches and 
landings. After initiation into spinning, our pupil 
is sent off on his first solo. His natural elation may be 
limited by the strict continuance of instruction. He 
proceeds to practise side-slipping and precautionary 
landings, low-flying (with instructor only), steep turns, 
climbing turns and forced landings. ‘‘ Action in the 
event of fire ’’ is demonstrated by the instructor and 
having been taught how to abandon his aircraft, the 





Left) Five hours are spent on the Link Trainer The 
instructor is seen talking to a pupil under the hood. 


Below) Instruction in the use of the 
Aldis signalling lamp 
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(Right) On the way to 
lectures* past the Tiger 
Moths which are being 
prepared for the after- 
noon’s flying. 


(Below) In the cinema 

pupils are shown the 

effect of airflow on tail 
surfaces. 


pupil goes on to instrument flying, taking off and land- 
ing out of wind, restarting his engine in flight, and, 
finally aerobatics, including loops, half rolls, and slow 
rolls. By this time he should be landing consistently 
well, be able to fly an accurate compass course and read 
maps in flight. _ 

If time permits he may be introduced to formation 
work and night-flying. 

Ground instruction is supervised by the Chief Ground 
Instructor. The subjects covered are administration, 
engines, rigging, the theory of flight, airmanship (or 
rules of the air), parachutes, air navigation, armament 
and signalling. 


Instructional Films 

The instructional staff is aided by a comprehensive 
system of diagrams, charts and models, and their work is 
further facilitated in certain directions by the use of 
cinematograph films. As an example, we were shown 
a sound film illustrating the action of trimming tabs. A 
close-up of a tail unit is screened, and the elevator is 
shown moving. Then the tabs are illustrated independ- 
ent of the elevator, and appropriate comment made, so 
that their functioning is much clarified. There are other 
films dealing with air flow over control surfaces and 
a variety of elementary technical considerations. 

Operational subjects are not covered ; for example, the 
characteristics and handling of the Aldis signalling lamp 
are demonstrated, but not its various applications on 
active service. 





(Right) Practice with the Vickers gas- 
operated K gun on a Scarff mounting. 


Below) Volunteer Reserve sergeants 
take navigation instruction. 














A total of five hours must be spent in the Link Trainer, 


thirty minutes of this being devoted to tests. The in- 
struction is, of course, of an elementary nature, and the 
nine practices given are in the “‘calm air’’ condition. 
First, the pupil is familiarised with the apparatus, the 
hood being left open for this purpose. Straight and level 
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Getting set for an afternoon's instructional! 
flying. It will be noted that some of the 
Tiger Moths retain their civil markings. 


flight at various speeds is the first practice 
after the hood is closed, being followed by 
climbing and gliding ; practice turns ; t ins 
at rate-} and rate-1, and later at rate-1} 
and. rate-2. A period of revision is fol 
lowed by the “‘T’”’ test and “‘U”’ test, 
these symbols indicating the nature of the 
course which is to be followed. 

On the range the armament instructor familiarises his 
class with the intricacies of the Vickers K gas-operated 
gun and the Browning. The latter is demonstrated from 
a fixed mounting complete with belt box as on a fighter 
aircraft. ‘‘Dud’’ rounds are introduced into the belts 
to simulate stoppages, and the 
pupil must learn to remedy these 
with alacrity. He can see from 
his firing what a compact group 
the Browning will make even with 
long bursts. 

Practice is also given with the 
Servicé revolver. This is pat 
ticularly desirable, for few people 
are naturally dead shots with a 
pistol. 


Routine 


The comprehensive programme 
of technical instruction is_ not 
allowed to interfere with dis- 
ciplinary training. A Warrant 
Officer is responsible for discipline 
and drill, and gave us an outline 
of a typical day so far as it con 
cerns routine. 

The pupils are up at 6.45 in the 
morning for five days a week 
From 7 to 7.30 they have a 
thorough work-out under the P.7 
instructor, and by 8 are full, 
ready for their breakfast, for 
which half an hour is allowed. The first parade and 
inspection is at 8.45, after which the various sections 
march off to the lecture rooms or the aerodrome. Lunch 
is from 12.30 to 1.30, and work goes on till 5, which 
is tea-time. Supper is served at 7 o'clock and roll-call 
is at 10.30 p.m. Lights-out sounds at 11. One after 
noon a week is devoted to organised games and drill, 
and there are full facilities for squash, soccer, rugger 
tennis and baseball. Each pupil is allowed one long 
week-end’s leave per month, which may not seem much, 
but which is more than acceptable during such an exact 
ing course of training. 


(Above) Where the budding pilot may relax. The spacious 
and well-lighted ante-room is provided with all the usual 
facilities for reading, writing or indoor games. 


(Left) Practice with the Service revolver and the care and 
handling of this weapon form part of the training at these 
elementary schools 
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A GREAT MOMENT. Twenty-seven young 


Canadians receive their “wings’’ 


Canadian air base. 


A SPLENDID TRADITION 


Brief History of the Birth, Growth and Work of the Royal Canadian Air Force 


By MICHAEL TERRY, F.R.G.S., F.R.E.S 


INCE J. A. D. McCurdy made the first flight in the 

British Empire at Baddeck, Nova Scotia, on 

February 23, 1909, Canadians have been exception- 
ally air-minded. As a result, in November, 1918, there 
were 22,468 Canadians in the Royal Air Force, of whom 
6,612 were officers. Well over 8,000 were granted com- 
missions throughout the war in the R.F.C. and 
R.N.A.S., besides the final R.A.F. But statements that 
half, or even two-thirds, of R.A.F. officers were Cana- 
dians are quite incorrect ; a quarter is the figure. Pre- 
R.A.F. figures are hard to come by, for many men paid 
their own passages to join British regiments and then 
transferred to an air arm. Nevertheless, they were so 
numerous that they were allowed to wear CANADA on 
sleeves or shoulders. 

Their Aces were Lt.-Col. Bishop, who shot down 72 
machines; Lt.-Col. Collinshaw, who got 60; Lt.-Col. 
Barker, who destroyed 50, and Major MacLaren, who 
scored 48 victories. Richthofen (the German) shot down 
So machines, Fonck (the Frenchman) got 75, making 
Bishop the third most successful pilot of the whole world 
war. In addition, the Canadian Quartet had more vic- 
tories to their credit than any other four men fighting 
beside or against them. ° 

Three weeks before the Armistice, in 1918, Major 
Barker won his V.C. in an air fight without parallel. 
Ordered to return from France to take over a training 
squadron in England, when he took the air in his 
Snipe it seemed that active service for him had ended. 
His kit was packed, ready for rail and boat, and his 


Installing equipment in a Lysander at a Canadian aircraft 
factory 


destination was Hounslow. Having then brought down 
46 enemy machines he had every reason to be satished, 
and he might have been had the clear morning air not 
revealed a German two-seater. He just could not resist 
another attack, and in a few minutes a short burst from 
his guns shot away part of the Bosche so that it broke 
up in the air. 

During this fight a Fokker had climbed above him. 
The first he knew of that was an explosive bullet which 
shattered his right thigh. Despite a useless right leg 
he swung to the attack, and after a short fight sent the 
other down in flames. 
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Then he found himself in the middle of a ‘‘ circus”’ 
of nearly sixty Fokkers. They attacked like a swarm of 
wasps. Bullets streamed at him; his machine was 
riddled, his left thigh was hit badly, too. However, he 
would not break off the apparently hopeless fight, and 
soon drove down two Germans in a spin. Then he 
fainted through loss of blood, but recovered when dread- 
fully close to the ground. 

Fokkers were still after him. He did not seem to 
have a chance of saving himself, so he charged one of 
his opponents, firing as they closed. That, too, he sent 
down in flames, in the nick of time. Again he was hit, 
his left elbow being shot away. Again he fainted, and 
then, with indomitable courage, he attacked when his 
powers returned. He dived on the tail of another Ger- 
man, sending that down in flames, too. The fight went 
on till, at last, with his petrol tank shot away, he 
crashed behind the British lines and broke his nose. 
Yet he recovered and lived till March, 1930, when he 
was killed flying at Rockcliffe Aero- 
drome, near Ottawa. 

With this most notable contribu 
tion to Britain’s mastery of the air 
it was natural for the Dominion to 
wish to form its own air units, if only 
to preserve the identity of its alr 
fighters. Accordingly, in August, 


(Right) Recruits of the R.C.A.F. being 
instructed in the mechanism of a 
Vickers machine gun. 


(Below) Potential future Bishops of 

the R.C.A.F. Three young pilots of 

an advanced training squadron. The 
machine is a Fairey Battle. 
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(Left) Typical winter scene on a Canadian aerodrome 
Capt. Macmillan has something to say about frigid zones and 
flying elsewhere in this issue. 

(Below) A heated “‘ nose hangar ’’ is used to keep the engine 
warm. The icicles on the trailing edge indicate that this is a 
necessary precaution. 


1918, the First Canadian Air Force Wing went into train 
ing at Upper Heyford, near Oxford. It contained a 
Fighter Squadron No. 81 R.A.F. (No. 1 Canadian) and 
a Bomber Squadron No. 123 R.A.F. (No. 2 Canadian 


under Wing-Commander R. Leckie. The Fighters 
were S.E.5s and Dolphins; the bombers D.H.9a 


machines. 

The Armistice, however, denied the unit active ser 
vice, so that they were disbanded when the Canadian 
Expeditionary Force returned home. 

Another move towards an independent air arm 
developed out of a danger foreseen to shipping in Cana- 
dian waters, when Germany, late in the war, produce 1 
super-submarines. The result was the Royal Canadian 
Naval Air Service, instituted after an Admiralty warn- 
ing in March, 1918. When the Armistice came, 82 
Cadets were training, and a complete organisation had 
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(Right) A Canadian-built Supermarine Stranraer. The 
combination of snow-covered ground and open water should 
be noted. 

(Below) Complete with wings. The twenty-seven pilots 
shown on p. e march past their training machines, the 











Fairey Battle and the Airspeed Oxford. 
a A. 
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been built up. In December this service also was aban- 
doned, and the cadets demobilised. 

Although the need for a separate air force for 
Canadians had been apparent from the early days ol 
the war, in order to utilise the Dominion’s war effort 
to what seemed to be the best advantage, it was decided 
to concentrate upon soldiers. Nevertheless; the obvious 
advantages of training the large number of recruits 
before they crossed the Atlantic decided the Royal Fly 


ing Corps to send Brigadier-General C. G. Hoare, 
C.M.G., and his Staff to Toronto. They arrived in 


January, 1917, and got into operation the Royal Flying 
Corps, Canada. It was an Imperial Unit, not under the 
Canadian Militia Department, paid for by the British 
Treasury. At the same time, Canadian Aeroplanes 
Limited, a child of the Imperial Munitions Board, was 
formed to produce training and service machines. Under 
Sir Frank Baillie, during its twenty-two months’ exist 
before the end of the war, it turned out more than 
2,900 aeroplanes. When the Armistic came 3,135 pilots 
had been trained by the R.F.C., Canada, and no fewer 
than 2,539 had left for Europe. The average cost of 
training each one had been about {1,900. 


The Slump 


three roots did not bear fruit till some time afte 
returned. Post-war lack of enthusiasm for mili 
tary or nava! aviation resulted in that recession which 
was the feature of all the Dominions defence forces. 
After the war the ‘‘ Air Board’’ in Canada received 
a present of surplus war aircraft and kit (to the value 
of about £2,000,000) from the British Government. It 
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included just over 100 aeroplanes, a great deal of arma 
ment and much wireless equipment 
With this material the Canadian Air Force was formed 


in 1920. Four years later the prefix ‘‘ Royal’’ was 
granted, the organisation was remodelled, and th 
foundation was laid for the R.C.A.F. as we know it 
to-day It started off with 61 officers and 262 men 
rheir conditions of service and rates of pay have been 
based on the standards of the R.A.F. The uniform is 
practically the same, except that the letters R.C.A.F 
are cast into the buttons, and the same letters are woven 
into the pilots’ wings. And needless to say, the word 
‘Canada’’ is sewn on to tunic shoulders 

During the 1932-33 financial depression the Govern 


ment had to cut the vote from $4,500,000 to $1,500,000 
Neve! 


uniform 


and so the personnel had to be reduced by half 
theless those who able to remain in 
planned with optimism and determination for better 
days Three vears later the 
has then gone 
increasing till, last year, 
to the outbreak of 
had grown to 
double that 


wert 


vote rose to 35,250,000 al | 


since on 
priot 
Wal it 
more than 
amount 

On December 31 

the force contained 


1936 


253 


Congratulations to a new 
pilot by the C.O. of 
Camp Borden Air Station, 
Group-Capt. L. F 
Stevenson. 
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officers and 1,829 airmen of the permanent establish- 
ment, and 87 officers with 820 airmen of the non-per- 
manent, or part-time, second line, organised on militia 
lines. When this war broke out there were 11 Perman- 
ent Squadrons and 12 Non-permanent Squadrons. 

In its infancy the R.C.A.F. was run by the Depart- 
ment of National Defence, being thus under the direct 
control of the Militia. During this period they had to 
carry out a great deal of non-military service. In close 
co-operation with the Royal Canadian Mounted Police 
they patrolled the coasts, on the watch for smugglers. 
They have played a major part in establishing Canada 
as the most active aerial mapping country in the world. 
They have carried out extensive exploration of vast 
tracts in the far north of the Dominion. Ever since their 
first forest patrols were started, from Morley in the 
Canadian Rockies, with Avros and D.H.4s, the military 
airmen have rendered most valuable national service in 
detecting forest fires, thus facilitating the work of ground 
parties in controlling them. They have also been used 
to ‘‘dust’’ crops infested with destructive insects, by 
flying low over them and releasing poisonous powders. 
And most important, they have carried out a great deal 
of survey of mineral-bearing areas. 

This activity was often at the expense of what the 
Force considered to be its more important task, to pre- 
pare itself for warfare. 

Curiously, this came about through shortage of funds 
caused by the depression. Then provincial governments 
and commercial operators took over most of the non- 
military work, and so freed the Air Force to develop 
almost wholly upon Service lines. A most important 
and progressive step in its emancipation occurred late 
in 1936, when the Force was withdrawn from the direct 
control of the General Staff and placed under its own 
Air Council, with a Chief of Air Staff in Ottawa. 


Three Commands 


Soon after that the R.C.A.F. was divided into three 
commands. The Western Air Command, with head- 
quarters at Vancouver, has bases in British Columbia, 
Alberta, Saskatchewan and Manitoba. Its task is, ob- 
viously, to protect the Pacific Coast, for which purpose, 
by reason of the temperate climate and the difficulty of 
obtaining landing grounds, patrols are carried out with 
flying boats and floatplanes. The shore batteries have 
artillery co-operation squadrons attached to them. In 
addition, fighter squadrons are based in B.C., in case 
of aerial attack. 

The Eastern Air Command has its headquarters at 
Halifax, and units in New Brunswick and Nova Scotia. 
Its principal job is to protect the Atlantic seaboard by 
seeing that enemy surface craft or submarines are de- 
tected and attacked, and by convoying ships to and from 
Europe within the range of its bases. 

As the great-circle steamship route passes within a few 
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Off on a formation train- 
ing flight. A Harvard 
about to start with in- 
structor and pupil at 
Trenton, Ontario. 


hundred miles of Nova 
Scotia, it has become the 
duty of the R.C.A.F. to 
provide, in co-operation 
with the R.C.N. and the 
.N., the maximum protection for freights and crews. 
Both landplanes and seaplanes are used for these patrols, 
And, as on the west coast of the Dominion, a close 
liaison is maintained with the Royal Canadian Artillery 
who man the forts at vital spots along the shores. 
Conditions on the eastern seaboard are, however, very 
different. The milder climate by the Pacific does not 
call for pilots to face snow, ice and fog. Accordingly, 
a large proportion of the aircraft used above the Atlan- 
tic have to be convertible from wheels to skis: even to 
floats if the need arises. For the patrols are long and 
arduous above the Gulf of St. Lawrence, including its 
two entrances, Belle Isle Strait and Cabot Strait. 


Training 

The Third Command, with headquarters at Toronto, 
is the Training Command, organised on a functional (not 
an administrative) basis. Under its jurisdiction come 
the stations at Trenton, between Toronto and Kingston, 
and at Camp Borden, near Barrie, Toronto. Army Co- 
operation Squadrons are concentrated and trained at the 
R.C.A.F. Station in Ottawa. 

Those Canadians who planned some twelve years ago 
for the development of a Trans-Canada airway have had 
their foresight more than justified. Looking ahead to 
the day when aircraft, personnel and equipment might 
have to be moved very quickly from one side of the 
country to the other, they set out to create ground 
facilities from Atlantic to Pacific. The economic bliz- 
zard which swept Canada in 1932 caused men. in unem- 
ployment relief camps to be put to aerodrome building, 
From coast to coast, carved in some cases out of virgin 
forest, laid in others on the site of an extensive marsh, 
these aerodromes formed the foundation of the air service 
now in operation between Vancouver and Moncton, far 
away in New Brunswick 

In any review of aviation activity in Canada one can- 
not omit some reference to the huge Empire Training 
Scheme, a vastly extended reproduction of the Royal 
Flying Corps, Canada, of the last war. 

In the last war pilots were turned out at the rate 
of 200 a month: now the aim is just about tenfold, being 
in the region of at least 25,000 pilots, gunners and 
observers. Aircraft production last time developed into 
about 1,600 a year—this time, how many? The popu- 
lation of the Dominion has increased from eight to eleven 
millions, the manufacturing industries in 1937-8 had an 
output valued at $785,500,000, and many resources then 
hardly explored have been developed. A new aluminium 
factory in Ontario is so increasing national output t*at 
it almost equals that of Germany. 

The weight of civil aviation, too, is behind the en- 
largement of the R.C.A.F. and the Empire Scheme 
Since the twenty-two Light Aeroplane Clubs of Canada 
were started in 1928 they have contributed materially to 
the output of civil and military aviators. 
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HEN the last war started, the Royal Flying 

W\ Corps (Military Wing) naturally indented for 

its stores on the Army Ordnance Department, 
but soon found that this was unsatisfactory. Air squad- 
rons need very rapid supply of new stores and of replace- 
ments, and the complicated procedure of an Army 
department proved too cumbrous. So, presently, the 
R.F.C. set up its own supply organisation, and formed 
a body of Equipment Officers who were trained (more or 
less) at a School of Aeronautics, first at Reading and 
afterwards at Henley. The Phyllis Court Club at 
Henley, associated in the thoughts of so many with the 
brilliance of the great annual regatta, was devoted to 
classes on the internal economy of Ford, Leyland and 
Crossley motor vehicles, not forgetting the P. and M. 
motor cycle. 

The new organisation was an ‘improvement on the old, 
but even so the energies of the E.O.s were too much 
occupied with trying to remember whether a particula1 
form should be made out in triplicate or in quintuplicate, 
and whither each copy should be despatched. To many 
old E.O.s the memories are painful though sometimes 
amusing. 

In the interval between the first and the second wars 
with Germany the Air Ministry began to take stock o* 
the situation, and to consider how matters could -be im- 
proved ; but it was not until 1938 that the present Main- 
tenance Command was brought into existence, with Air 
Vice-Marshal J. S. T. Bradley, O.B.E., as Air Officer 
Commanding. The Munich so-called ‘‘ agreement ’’ took 


place in September of that year, so the time proved to 
be short in which things could be put on a satisfactory 
basis before they were to be tested in war. Still, better 
late than never, and wonders have been achieved in the 
time. 


Formation, Organisation and Work of the Maintenance Command 
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The A.O.C. had a clean slate before him, and he de 
cided to set to work on new lines. He realised that his 
Command had more in common with a commercial 
organisation than with a Government department tied to 
a fighting Service. So-the Command put its official pride 
in its pocket and asked advice from all sorts and kinds 
of commercial and industrial concerns. It consulted th 
heads of railways, petrol companies, the Automobile 
Association, and lots of others; it took advice on office 
systems and on methods of higher control. In the course 
of its enquiries it discovered the interesting fact that i 
was to be a much bigger affair than most commercial 
firms. For instance, one large commercial combine 
stocks some 30,000 separately named articles, whereas 
the Maintenance Command now stocks about 300,000 
separately named items, and issues, on an average, half 
a million articles a week. Its total stock of articles, great 
and small, runs into many millions 


System of Grouping 

In the result, the Command is organised as a head- 
quarters and four Groups. The Groups are named: 
(a) Equipment Group, (b) Aircraft Group, (c) Armament 
and Fuel Group, and (d) Repair and Salvage Group. 

The Command H.Q. draws up plans and leaves it to 
the Groups to carry them out. The Group Commanders 
work out the details, and all through the object is to 
cut out red tape and get down to real efficiency in keep 
ing the operational units supplied with everything they 
want. 

The Equipment Group works through a number of 
Depots. There were Depots in the last war and since, 
but they used to work largely on the principle of special 
ising on various classes of stores. The present Depots 
are on the Universal Holding basis, each one stocking a 
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proportion of all classes of stores. The object of this 
is that if one Depot were destroyed by enemy bombing 
or by accident the whole supply of one article would not 
be dried up. In such an event it has been arranged that 
the neighbouring Depots would at once take over the 
supplying of the units in the geographical area pre- 
viously served by the Depot which had been destroyed. 
The Depots, therefore, work on a geographical basis, anJ 
they issue direct to the units in their area. The cumbrous 
system of ‘‘ regular channels of communication ’’ is cut 
out. On that red-tapey system the unit would apply to 
its operational Group, which would pass the indent on to 
its Command, which might next apply to some Depart- 
ment of the Air Ministry, which would then communi- 
cate with the Maintenance Command, and so the indent 
would go down the ladder until the Depot received orders 
to issue the article to the unit. Perhaps that never 
actually happened, but it is the system which at one time 
was considered ideal by a certain type of official mind. 
At any rate, nothing of that sort happens now. The 
operational unit, squadron or school, or so forth, indents 
direct on its local Depot, and gets its requirement with 
the minimum of delay. 


Dispersal of Depots 

New ideas have also been introduced in the layout 
of the Depots. The buildings are not grouped together, 
as that would make a good target for bombing, but are 
spread about over a tract of land, often with working 
farm land in between, which the Command prefers not 
to buy. In one case the Commanding Officer of a 
Depot has to drive eleven miles to get from one of his 
buildings to another. Of course, that is a nuisance to the 
officer, but it makes for safety. In issuing its stores a 
Depot is not tied to any one method, but may use rail- 
way, post or air as is most convenient. 

The Aircraft Group receives machines from the manu- 
facturers and holds them in store until they are required. 
While they are stored it keeps them in proper condi- 
tion. It also distributes direct to the operational units, 
and its storage Depots are arranged on the same prin- 
ciple as the Depots of the Equipment Group. 

The Armament and Fuel Group also works on the 
Universal Holding basis. Its Depots likewise are hid- 
den and protected, with underground stores in many 
cases. One group of buildings has been erected so that 
it looks like a village. The Depots in this Group do 
not issue direct to the units, but to Air Armament Parks, 
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which issue to the units. Heavy bombs require special 
methods of delivery. The supplies of petrol and oil 
are regulated by the Government Oil Board. This 
Group also deals with oxygen. The Command is now 
well placed as regards supplies of oxygen, and there are 
producing plants all over the country. 

The Repair and Salvage Group is rather in a state 
of transition. At present it uses Service airmen for 
repairs, but Lord Nuffield is the Director General of 
Maintenance at the Air Ministry, and is organising a 
system by which repairs will be undertaken by civil 
firms. That will mean that the work will be done by 
civilians, older men, and so set free young Service men 
for other work. As the Nuffield organisation grows, 
the repair side of this Group will hand over its work 
to it, and probably will eventually confine its energies 
to special cases. 

Salvage 

In Salvage work, the principle laid down is to remove 
a crash quickly. Nobody wants it to remain on the 
spot a moment longer than necessary. The farmer does 
not want it in his field, and it is bad for public moral to 
leave it about. If the crash is repairable, it is hurried 
to the repair hangars ; if it is a write-off, then it is re- 
moved and ‘‘reduced to produce’’ also with celerity. 
The Group is itself building up an understanding with 
civil firms, mostly in the motor trade, whereby they 
undertake the removal of crashes, and this has been 
working very well. But the Salvage Centre has a num- 
ber of mobile sections which are self-contained. They 
sometimes vanish into the moors and are lost to human 
ken for a couple of nights, but they eventually turn up, 
quite happily, having either effected repairs im situ and 
had the machine flown away, or having brought it in 
for the Repair Section to deal with, or having dealt 
appropriately with a write-off. In all probability the 
scrap will ultimately go to the Nuffield organisation. 

This Command has not the glamour about its work 
which goes with the work of the Bomber or Fighter 
Commands, but those who have had experience of such 
work know that there is a great fascination in the efforts 
to keep the R.A.F. in the air. One must respect, too, 
the versatility of the Maintenance Command. It does 
not only deal with aircraft, engines, armament, and the 
parts thereof. It stores and issues clothing, furniture, 
office equipment, and, in fact, everything which the 
R.A.F. needs, excepting only buildings and food. 
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oe The answers to these questions will be found on “‘ Industry” page 


What is the engine 
shown below 
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What aircraft were used for the first 
flights over Mount Everest ? 


Which has the heavier armament, the 
Spitfire or the Wellington ? 


Who made the first double crossing of 
the English Channel ? 


What is the trade name of the quick- 
feathering airscrew now being made by 
De Havillands ? 


What was the most notable feature of 
the wings of the wartime Fokker D.7 
biplane ? 


What is the correct name for a “rev. 
counter "’ ? 


7 
8 


9 
10 


12 





When did the pusher biplane finally 
disappear from the R.A.F. ? 


How long did Amy Johnson take on 
her first England-Australia flight ? 


When and where was the first Schneider 
Trophy race held ? 


What new American twin-engined 
transport aircraft has been designed for 
a pressure cabin ? 


Are the bombs on the Short Sunder- 
land carried internally or externally. 


Which unit of the Bristol Pegasus series 
has a two-speed supercharger ? 
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France’s Light 
“ Attack Bomber”’ 
Multi-purpose 
Possibilities 


ISITORS to the 

International 

Military Flying 
Display at Evére, near 
Brussels, in July last 
year will recall without 
straining their memory 
the startling perform- 
ance put up by a flight 
of Bréguet attack 
bombers. These attrac- 
tive little twin-engined 
monoplanes composed 
part of a French ‘“‘A 
team’’ which was obvi- 
ously intended to give 
General Milch and other 
officers of the Luftwaffe 
an indication of the 
capabilities of France’s 
revitalised Air Force. In 
Flight we commented 
as follows: ‘‘ Never 
have the capabilities of 
a modern twin-engined 
military monoplane 
been more convincingly 
demonstrated than by 


BREGUET 


the three delightful little Bréguets. . . This trio, after 
demonstrating aerobatic and general handling qualities, 
repeatedly ‘‘shot up’’ the aerodrome from heights be- 
tween 25 and 50ft. and at speeds which must have 
bettered 350 m.p.h.”’ 

The machines were of the type 691, which is but one 
version of the basic 690 design. In the first place the 
690 was built for the French three-seater fighter pro- 
gramme of about 1934. This was an entirely new 
specification and, in addition to the Bréguet, four other 
the Potez 63, Loire-Nieuport 20, Romano 
110 and Hanriot 220—were submitted. The maximum 
weight had been fixed at about 7,700 lb., but the 
Bréguet concern had decided to build a machine of 
their own which finally became a multi-purpose type 
as, for that matter, did the Potez 63, which was 
described in Flight, March 28. 

At the time of its introduction it was claimed that 
although the Bréguet weighed nearly 10,000 Ib. it 
could be loaded to over 12,000 Ib. and retain aero- 
batic factors. The 690 had to wait some time for its 
Hispano-Suiza engines, which were delayed by the 
manufacturing upheaval of the period, and in the mean- 


machines 


time the Potez 63 went through its tests and was 
adopted as a three-seater fighter and two-seater 


bomber. When the Bréguet was ready, however, it 
showed great promise, having a.speed of over 300 
m.p.h. Eventually it was decided to use the Potez as 
a three-seater fighter and three-seater ground-attack 
machine and to employ the Bréguet for A.B.2 (light 





A fine close-up study of a Bréguet 
691 attack-bomber at the Evére 
display last year. 


(Flight photograph 
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hombing and ground attack with a crew of 
B.2 (two-seater bomber) duties 

The Bréguet 691 is arranged as a high-mid-wing or 
‘shoulderdecker’’ monoplane. The wing has a sharp 
taper and is built-in two main parts which are joined 
to the fuselage by four bolts. Each half is itself com 
posed of two sections, the inner ones combining the 


two) and 


BREGUET 690 


Bréguet 690 C.3 Bréguet 690 6.2 | Bréguet 690 A.3 








154 gal. fue! 198 gal. tuel gal. tuel 
Hispano- Gnome Hispano- Gnome - Hispano- Gnéme 
Suiza Rhone Suiza Rhone Suiza Rhone 
14 Ab 14 Mars| 14 Ab 14 Mars 14 Ab 14 Mars 
Empty, with fixed equip 
ment (Ib 6,746 6.416 6,834 6,502 6,900 
Fuel (Ib.) 1,278 1,278 1,598 1,598 2,175 
Crew (ib 582 582 388 SRN 582 
General equipment 
radio, etc.) 692 6or OO4 64 6O4 OO4 
Armament (Ib.) 622 622 540 540 »40 40 
Bombs (Ib 1,058 1,058 
Total weight (Ib 9,920 9,500 11,022 10,690 10,801 10,470 
Corresponding weight 
(Ib.) | 9260 9.200 9,920 9.920 920 0.920 
Max. speed (m.p.h 
At sea level | 248 248 242 242 242 
At 6,500 ft 273 273 267 267 267 
At 13,000ft | Sn 301 20x 205 } 208 205 
At 16,400ft 301 310 295 304 205 304 
Time to climb to 13,000 
ft. (min 6 6 7 7 7 7 
Range at a height of 
13,000 to 16,000 ft 
(miles) — | | 
At 186 m.p.h , 6s4 715 &38 870 1,150 1,240 
At 230 m.p.h. ; -- - } = -- O04 1,025 
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DIMENSIONS 
Span S0ft. Gin 
Length 32ft. Zin 
Height lift. 6in 
Track 13ft. Zin 
Wing area 312 sq. ft 
’ 

BREGUET 690-1 
engine nacelles and undercarriage. There is a corru- ailerons are of high aspect ratio; inboard of these are 
gated inner surface, but the skin covering is smooth slotted camber-changing flaps. 
metal. Leading and trailing edges are made from sheet The fuselage is deep at its forward portion but has a 
metal riveted and bolted to the main structure. The characteristic sweep down to the tail. It is of oval 


section and has smooth stressed-skin 
covering. The cantilever monoplane 
tailplane has twin fins and rudders at 
its extremities, and is all metal except 
for the fabric-covered movable surfaces 
There are trimming tabs in the elevator 
and rudders. 

Of simple design, the undercarriage 
retracts rearward into the nacelles, a 
small section of each wheel being left 
exposed. The tail wheel is not retract- 
able but it well faired. 

The engine nacelles are of fine stream- 
lined shape and extend for a consider- 
able distance aft of the trailing edge of 
the wing. The engines can be Hispano- 
Suiza 14Ab’s or of the Gnéme-Rhéne 
14 Mars type. The type 691 is fitted 
with the latter power plants. These, 
like the Hispanos, are small-diameter 
high-revving _ two- 
row 14-cylinder 
radials, and are 
rated at 680 h.p. at 
13,200ft. An in- 
genious type of 
cowling is em- 
ployed. This has 
only a small annu- 
lar opening behind 
the spinner for the 
cooling air, and is 
of long chord. Just 
forward of the ad- 


(Above) The latest- 
type bomber with 
Gnéme-Rhéne en- 
gines. Note the two 
machine guns. The 
long pitot arm is, 
of course, only for 
test purposes. 
Left) The proto- 
type equipped as a 
fighter with two 
20 mm. shell guns 
The engines are 
Hispano-Suizas. 
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From a watercolour by J.C. S. White 


The History of its Birth: an Account of its Work and that of its Parents, 
the R.F.C. and the R.N.A.S., in the Last War 


By CAPTAIN NORMAN MACMILLAN, M.C,, A.F.C. 


, MHE Royal Air Force was born in war. The year was 
1918. The day was the first of April. Contem- 
porary cynics of the parent Services—the Royal 

Naval Air Service and the Royal Flying Corps—laid em- 

phasis on the date. 

The R.F.C. had a distinctive uniform. The Corps was 
proud of its uniform. There was something exceptionally 
neat about the khaki ‘‘ maternity ’’ jacket with its patrol 
collar and hidden buttons, clean-cut breeches, puttees or 
field boots, and field service cap. In fact, the uniform was 
better streamlined than the aeroplanes of the period. In 
the R.A.F. to-day it is the other way about. 

The R.N.A.S., on the other hand, felt that they were 
airmen sailors plucked from the sea and thrown among 
Army outcasts. Many of them weren't sailors at all, for 
they had gone direct into the R.N.A.S. after war began 
in 1914. But often enough the person on the fringe of 
things is the most enthusiastic. Anyhow, the R.N.A.S 
hated being robbed of their naval uniforms, loathed the 
idea that they could no longer tread the quarter-deck of 
one of H.M. ships with an affectionate air of possession. 

A new uniform was devised for the R.A.F.—in khaki, 
with rings around the sleeves like those of naval insignia 
of rank ; the stars and crowns of the Army were abolished ; 
but Army ranks were retained and the R.A.F. began its 
history with Captains and Majors, Colonels and Generals 
of the same categories as the Army. 

The new peaked cap was cross-bred between those of the 
Navy and the Army. Maternity jacket and forage cap, 
naval uniform, and the assorted uniforms of Army officers 
seconded for service in the R.F.C. could still be worn, for 
it was wartime and regulations were relaxed; as a war 
economy, too, men’s uniforms were not replaced. The 
new uniform was slow to catch on. Very senior officers, 
of course, acquired R.A F. uniforms and were the objects 
of ribald remarks when they appeared at stations where 
the outfit was still in the nature of Exhibit ‘‘A.’’ Fora 
time the R.A.F. presented a strange appearance when on 
parade. 

When the R.A.F 





was born its uniform was designed 
solely in Service Dress. Mess Kit and Full Dress were 
hot required in wartime. They came later. And of all 
the Full Dress uniforms ever designed, surely that of the 
R.A.F. is the least becoming—giving its wearer (inappro 
priately enough) the look of a trussed fowl which can 





neither fly nor run. It really ought to be redesigned when 
this present war is over. 

The distinctive R.A.F. ranks—from Aircraftman to 
Marshal of the Royal Air Force—also came after the 1914- 
1918 war. The choice of some of the ranks seems a little 
unfortunate, for they fail in euphony, simplicity and mat 
tial significance. It may be too late to change them now, 
but one hopes not. 

The new Service came as the successor to a distinguished 
line of short-lived precursors of naval and military avia 
tion. But its cradle was really rocked by the great man 
of munitions, David Lloyd George, after he became Prime 
Minister. The R.A.F. was his solution to the equation, 
‘* Aeroplanes = Guns + Tanks.’’ So long as the air services 
remained in the hands of the Departments responsible 
for military and naval activities, aeroplanes could be sacri 
ficed by Admirals upon the altar of big guns and ships and 
by Generals upon the altar of guns and tanks. For there 
was a limit to the man power of Britain which was available 
for production, and more of one thing meant less of 
another. 

It was Lloyd George who appointed Lord Cowdray to 
be Chairman of the Second Air Board, which succeeded 
the First Air Board of Lord Curzon early in 1917. Of 
Lord Cowdray, Sir Sefton Brancker, who served on his 
Board, said: ‘‘ He was the first British Minister to formu 
late a definite national air policy apart from the adminis 
tration of the R.N.A.S. and the R.F.C.’’ And, con 
currently, the whole of the aeronautical supply of both 
the Army and the Navy was turned over to the Ministry 
of Munitions, while a centralised design department derived 
from the technical branches of both the Army and Navy 
was placed directly under Lord Cowdray’s Board. 


The Independent Air Force 
The new Air Board decided to create an Independent Air 
Force whose sole duties would be to attack German indus- 
trial centres. The creation of this force was to begin as 


soon as the supply of aeroplanes and pilots was sufficient 
to meet the requirements of the eighty-six squadrons then 
demanded by the Army in the Field. 

In October, 1917, Lieut.-Colonel Newall (now Air Chief 
Marshal Sir Cyril Newall, Chief of the Air Staff) was sent 
to Ochey, in the neighbourhood of Nancy, to organise the 
This was the nucleus of the 


41st Wing of the R.F.C. 
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Independent Air Force which came into being in June, 
1918, under Lord Trenchard. 

The story of the birth of the Royal Air Force is the 
romance of its two parents. The tale of each advances 
along separate ways up to the time of their union. Here 
there is room to give only the briefest outline of the life of 
each Service. 

It was early in 1911 that the Admiralty were persuaded 
to allow four naval officers to learn to fly. The two aero- 
planes on which they learned were supplied free of cost 
by Mr. (now Sir) Frank McClean. Mr. G. B. Cockburn 
was the instructor, also unpaid. The pupils were Lieu 
tenants C. R. Samson, R. Gregory and A. M. Longmore, 
of the R.N., and Captain E. L. Gerrard, R.M.L.I. These 
four were chosen out of 200 volunteers. The aerodrome 
was Eastchurch, where Captain Godfrey Paine, their senior 
officer at Sheerness, frequently visited the four embryo 
fliers. Thus was the Royal Naval Air Service born. 

On February 28, 1911, an Army Order created the Air 
Battalion of the Royal Engineers. The Air Battalion had 
an H.Q. and two companies. No. 1 Company dealt with 
airships and No. 2 Company with aeroplanes. The Air 
Battalion superseded the Balloon Section, R.E., which 
had been introduced in 1890. That first official step in 
Army aeronautics founded the present Royal Aircraft 
Establishment at Farnhorough, sucessively known as H.M 
Balloon Factory, the Army Aircraft Factory and the Royal 
Aircraft Factory. Four balloon sections took part in the 
South African war. The Balloon Factory’s output then 
rose from one balloon a month to two balloons a month! 

The Air Battalion of 1911 drew its officers from any 
regular arm or branch of the Service on the active list ; 
the period of appointment was four years. Other Ranks 
were drawn from the R.E. The new unit came into being 
(like the R.A.F.) on April 1. 

Both the Balloon Section and the Air Battalion of the 
Royal Engineers were pioneered into being by the private 
enterprise of Army officers and civilians: with balloons 
from the time the first military experiments began at 
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BIRTH OF THE ROYAL AIR FORCE 
(CONTINUED) 





The 80 h.p. Farman Langhorn on which 

so many of the early pilots had what 

present day training manuals call ‘first 
air experience.’ 


Woolwich Arsenal in 1878 ; and with aeroplanes from 1909 
by Captains J. B. D. Fulton and Bertram Dickson, of the 
R.F.A., and Lieutenant Lancelot Gibbs—Britain’s first 
three military aviators 

By April, 1909, Germany, France and Britain had spent 
£400,000, 447,000 and about {£5,000 respectively on military 
aeronautics. That explains why private enterprise had to 
do so much before the birth of the Air Services of Great 
Britain. 

Interesting as it is, we shall have to pass over the history 
of the lighter-than-air part of British naval and military 
air history, of which the Balloon Barrage Command of the 
R.A.F. is now the only lineal successor, and deal solely 
with the development of the aeroplane. 

In October, 1911, Samson persuaded the Admiralty to 
buy the two aeroplanes and send twelve naval ratings to 
Eastchurch. Thus began the first naval air school. Two 
months later Samson made a flight from a platform erected 
on H.M.S. Africa. That was the beginning of ship-planes 

By next March the indefatigable Samson was making 
the first flight with a Short seaplane at Portland. From 
that humble beginning has developed the Sunderland flying 
boat of to-day. 

Concurrently, the Air Battalion was making slow pro 
gress. There was a division of opinion over the merits 


of the airship versus the aeroplane. That was the heyday 
of the Zeppelin in Germany. In France, the aeroplane 
was far ahead of contemporary British design. The 


Battalion received little support and few aeroplanes. 

At Larkhill, No. 2 Company went into camp, and ther 
Cockburn, fresh from teaching the Navy, began to teach 
the Army to fly. The pilots flew with the simplest of 
instruments—a revolution counter and perhaps a compass, 
a wrist watch and an aneroid slung around the neck. Lieut 
Barrington-Kennett made the record flight, 249} miles, in 
four hours and thirty two minutes. There was only one 
fatal accident. 


R.F.C. and R.N.A.S. 


A Royal Warrant dated April 13, 1912, constituted the 
Royal Flying Corps, consisting of a Naval Wing, a Military 
Wing and a Central Flying School, for the training of 
pilots. The Military Wing absorbed the Air Battalion a 
month later. The Admiralty were less ready to adopt the 
new nomenclature. In Admiralty documents ‘‘ Royal 
Flying Corps—Naval Wing’’ was soon superseded by the 
unofficial title ‘‘ The Royal Naval Air Service,’’ but it was 
not until July 1, 1914, that the Admiralty’s choice received 
official sanction; the War Office thereupon dropped the 
sub-title ‘‘ Military Wing,’’ but retained the main title 
‘‘ The Royal Flying Corps ’’ for the body of Army aviators 
And under those two distinctive titles Britain’s bifurcated 
Air Services finally separated, with war only a month 
ahead. 

The technical sub-committee which put forward the 
recommendations upon which the standing sub-committee 
of the Committee of Imperial Defence made the necessary 
recommendations to the Prime Minister which resulted in 
the formation of the original Royal Flying Corps was itself 
advised by three men whose plans had been drawn up in 
private. These men were Brigadier Gen. David Hender 
son, Capt. F. H. Sykes and Maj. D. S. MaclInnes. 

During the deliberations of the technical sub-committee 
under the chairmanship of the Rt. Hon. J. E. B. Seely 
(now Lord Mottistone) the terms ‘‘Squadron’’ and 
‘““Flight’’ were chosen, and the squadron was recom- 


How an F.E. gunner protected the tail. The nearest modern 
equivalent is the mechanic who recently went for a ride 
on the tail of a Spitfire. 
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BIRTH OF THE ROYAL AIR FORCE (CONTD.) 








mended to consist of three flights of four machines. 

At that time (the first German Weltkrieg was even then 
looming on the horizon) there were some eleven pilots in 
the Army and about eight in the Navy. 

A site for the Centra] Flying School was selected at 
Upavon on Salisbury Plain ; it began work in August, 1912, 
under Capt. Godfrey Paine, R.N. The Naval Wing was 
located at Eastchurch, under Cdr. C. R. Samson. The 
Military Wing began life with No. 1 Balloon Company of 
the Air Battalion, R.E., transformed into No. 1 Squadron, 
Military Wing, R.F.C., stationed at Farnborough. No. 2 
Squadron formed at the same place from the nucleus of 
aeroplane pilots. No. 3 Squadron formed at Larkhill from 
No. 2 Company of the Air Battalion. 

The real rivalry between naval and military aviation 
then began. 

It was November, 1912, when Winston Churchill, as 
First Lord of the Admiralty, created an Air Department 
in the Admiralty to deal with all questions of naval 
aviation. Commodore Murray Sueter (who had had much 
to do with the furtherance of naval aviation prior to that 
date) was appointed Director of the new Department. The 
War Office took up the challenge and created the Military 
Aeronautics Directorate in 1913 under Brigadier Gen. Sir 
David Henderson. 


The Air Committee 

A forerunner of the Air Ministry held its first meeting 
in July, 1912, under the title of the Air Committee. Its 
purpose was to co-ordinate the efforts of the two Service 
Departments in aviation. Its members were: Col. Seely, 
the Secretary of State for War, as Chairman ; Vice-Admiral 
Sir John Jellicoe, Second Sea Lord, as Vice-Chairman (at 
a slightly later date) ; the officers commanding the C.F.S., 
the Naval Wing, the Military Wing, the Director of 
Military Training, the Director of the Admiralty Air De- 
partment, and the Superintendent of the Royal Aircraft 
Factory. 

But, despite the Air Committee, from 1912 until 1918 
the two branches of the Air Service went their own ways. 

For the first two years of that period the work of the 
R.N. airmen was largely experimental, and it was not until 
the outbreak of war in 1914 that the R.N.A.S. got into 
a regular stride. The seafaring side of the air had so much 
more spadework to do, for the seaplane was slower in 
development than the landplane. 

During this time the military Air Service trained pilots 
and planned the organisation which was even then deemed 
necessary for the war which the more far-seeing of the 
officers of the day began to realise must eventuate. The 
officers of the Military Wing knew when, where and how 
their services would be required—on outbreak of war to 
go with an expeditionary furce to observe from the air 
for the ground forces; and so they were training to become 
a reconnaissance section of the Army. 

The average time in the air to qualify as pilots was then 
about twenty-five hours ; and to encourage civilian flying 
all applicants for the R.F.C. had first to obtain the Royal 
Aero Club aviator's certificate at their own expense. 

In January, 1912, Capt. H. P. T. Lefroy, the Army 
wireless officer, began experiments with wireless apparatus 
in the first B.E.. machine of the Royal Aircraft Factory, 
flown by Geoffrey de Havilland. In the same year Com- 
mander Samson, flying the first Short sea 
plane, succeeded in transmitting messages 
erratically up to a distance of ten miles. 

In July and September, 1912, three 
Army monoplanes crashed and their six 
occupants were killed. The Monoplanes 
Accidents Investigation Committee recom- 
mended that monoplanes’ should be 


A general purpose bomber of the last war. 
The D.H. ga (400 h.p. Liberty engine) 
temained in service for over ten years. 





cf i 


The Short 225 which did such excellent work during the 

1914-18 war. It was with a 225 that Flight Commander 

C. H. K. Edmonds torpedoed a Turkish transport in the 
Sea of Marmora. 


banned. More than twenty years were to pass before the 
efiect of this Committee's ban was to be effaced from the 
British Air Services 

In the Army manceuvres of that same year the aero 
planes of the Military Wing proved themselves by pro 
viding the commander of the defending forces, Gen 
Grierson, with full details of the attacking forces under 
Sir Douglas Haig long before the cavalry could make con 
tact with the enemy. ._ . 

The months hurried past. In June, 1914, the Royal 
Flying Corps, Military Wing, was training in a Concentra 
tion Camp at Netheravon. Their work was all directed 
to one end—Army reconnaissance 

The review of the Fleet by King George V at Spithead 
from July 18 to 22 gave the R.N.A.S. a similar opportunity 
for practice mobilisation. The naval aircraft were con 
centrated at Portsmouth, Weymouth and Calshot. Seven 
teen seaplanes and two flights ot landplanes manceuvred 
over the Fleet. That demonstration surprised some naval 
officers who had seen little of aviation. 

The naval pilots had practised fighting in the air at 
Eastchurch. In this they were ahead, not only of the Royal 
Flying Corps, but of the German Air services, 

On July 27, 1914, the naval landplane units, under 
Commander Samson, were visiting C.F.S. There they re 
ceived orders to return at once to Eastchurch. The naval 
seaplanes assembled at Isle of Grain, Felixstowe and Yar 
mouth on the same day. Two days later the R.N.A.S 
received orders that the duties of scouting and patrol were 
to be secondary to the protection of the country from hostile 
aircraft. The German threat lay in their possession of at 
least eleven rigid airships. Against that threat, at the out- 
break of war in August, 1914, the R.N.A.S. had only 
two aeroplanes and one airship armed with machine guns 
One of the guns had been lent to the Admiralty by a private 
owner! The only effective weapon for use against an air- 
ship was the Hales grenade fired from an ordinary service 
rifle. The R.F.C. had neglected aerial fighting and had 
concentrated on reconnaissance developments in cameras 
and wireless. Army pilots were not concerned with home 
defence. Their job was overseas with the Army Expedi- 
tionary Force. 


August, 1914 


In August, 1914, the R.F.C. had four aeroplane squad 
rons ready tor war, another almost ready, and a sixth in 
nucleus state. These squadrons were Nos. 2, 3, 4, 5, 6 
and 7. (On January 1, 1914, No. 1 (Airship) Squadron, 
Military Wing, complete, was transferred to the Naval 
Air Service by private arrangement between Seeley and 
Churchill. Thenceforth the Army was to have no lighter 
than-air aircraft). Behind the R.F.C. squadrons there was 
an Aircraft Park at Farnborough. And that was all 






















oe © ae es owe 













d [Aueu May 9, 1940 


—— 
RQ 


—_—_ 





BIRTH OF THE 





Reading from the top downwards are 
F.s5. flying boat, the Avro 504 which 
started its career in 1913 and is stil] 
about and the Sopwith Camel of beloved 
memory. The line up at the bottom is 
of B.E.zs at Upavon early in 1914. 


No wonder, when Sir Henry Wilson walked 



















































into Brancker’s room in the Directorate of 
Military Aeronautics at the War Office, on 
Saturday, July 25, 1914, and asked: ‘‘ Are you 


ready for war? Brancker put down the sand- 
wich he was just conveying to his mouth 
answered, ‘‘ Good God, no, sir! ’”’ 

Nos. 2, 3 and 4 Squadrons flew to France 
from Dover on August 13, 1914. One Flight 
of No. 4 Squadron remained at Dover 
patrol duty. No. 5 Squadron started from Gos- 
port on the 14th and crossed the Channel from 
Dover on the following day. One of the pilots 
who made a forced landing near Boulogne was 
arrested by the French and imprisoned for 
nearly a week before he was discovered and 
released. 

As soon as the squadrons had gone, Brancker 
and Sueter, ot the War Office and Admiralty 
Air Departments, met and agreed on the dit 


and 


tor 


sion of the national manufacturing resources 
And the day after they left Kitchener sent for 
Brancker and told him that a large number 


of new squadrons would be required for th 


New Army 
On August 16 and 18, 1914, the R.F.( 


moved from Amiens to Maubeuge and were 
the war zone while the ‘‘ Old Contemptibles 
went up to Mons 
[he first war 
the 19th of August 
of No. 3 Squadron flown by 


made on 
aeroplanes, a Bleriot 
Captain P. B 
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Joubert de la Ferté, and 


flew over a wide area, 
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FORCE (CONTINUED) 


Two big ones, the Vickers Vimy of 
1918 (top) next the Handley Page 
0 400 which was to bomb Berlin. 
No. 3 is the Brisfit which finally 
went out of service in 1928. 
Bottom) All sorts and shapes of 
uniforms. A typical R.A.F. group 
in 1919. 


liked 

times, and came back with no positive infor 
mation of importance 

Reconnaissances followed every day, and 
on August 22 established that the German 
right-wing was making the enveloping move 
ment, which was the basis of the Schlieffen 
plan for the invasion of France. The re 
treat from Mons began on the 24th, after a 
delay of twenty-four hours to assist the 
French forces on the Sambre 

Air Commodore L. E. O. Charlton, then 
a Flight Commander in No. 3 Squadron, re 
corded his impression of one of these recon 
naissances while flying as an _ observer* 

Before crossing into Belgium the tail fin 
buckles, and only superb pilotage saves 
them from death. Another machine, an 
other pilot, and he sets out again. Namur 
and Charleroi are both in flames, but from 
the height they are flying the conflagrations 
look like lazy bonfires and not the demon 
iacal work of war. He wonders if flying in 
safety overhead, while fury is loose below, 





is a brave part to play 

All through the retreat from Mons, while 
aeroadromes had to be changed from day 
to day, and often improvised, the work of 
reconnaissance went on, the crews armed 
only with a revolver or a service rifle On 
the 24th one of the machines, seeing three 
German aeroplanes on the ground, dropped 
i bomb overboard, but missed them. There 
were no bomb racks, no bomb sights The 
bombs were lifted by hand and chucked 
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over the side. The bombs were rifle grenades with the 
stick removed and strips of fabric attached to steady their 
descent, or, occasionally, tins filled with petrol. 

The R.F.C. was attached to G.H.Q., but aeroplanes 
were detached to Corps H.Q. during the retreat and the 
early battles. By the time of the first battle of Ypres, 
divisional commanders were demanding more direct 
assistance, and in November, 1914, R.F.C. Wings were 
created to provide the necessary decentralisation. 

Louis Strange was probably the first R.F.C. pilot to 
fit a machine gun on to his aeroplane. He had to get 
special permission from his C.O. to do so. The machine 
was an 80 h.p. Gnéme Avro, the gun was fired by the 
observer, and the date was the third week in October, 1914. 


Unarmed 

Although fighting in the air began in France before the 
end of 1914, in April, 1915, B.E.zc machines were still 
carrying out reconnaissance flights unarmed. Ceilings of 
the few fighting scouts which carried a Lewis gun on the 
top plane centre section were then only about 8,000 feet. 
These machines were attached to squadrons and flown by 
specially selected pilots. But, if aerial gunnery lagged 
behind, air photography and wireless forged ahead, for 
reconnaissance was still the demand of the Army. 

In the meantime the augury of co-operation between the 
R.N.A.S. and the R.F.C. had not materialised. Sir David 
Henderson refused the offer of an R.N.A.S. squadron for 
service with the Army in France. At home the two Ser- 
vices were competing for aeroplanes and engines, thereby 
increasing prices and delaying contracts. The R.N.A.S. 
gave every pilot a commission. The R.F.C. followed suit. 

The two Services were developing under quite different 
conditions. The Army made increasing demands upon the 
R.F.C. to act as the eyes of the entrenched British troops. 
By the middle of 1915 the R.F.C. were having to fight 
for all their information against the Fokker monoplane, 
and a grim struggle had begun to gain mastery of the air. 

The R.N.A.S. were less hard pressed. From the first 
they sought opportunities for independent offensive action ; 
before the end of 1914 they also assumed responsibility for 
Home Defence. 

The Eastchurch Squadron, under Wing Commander 
C. R. Samson, carried out what was almost a private war 
in Belgium and Flanders. Ten machines flew to Ostend 
on August 27, 1914, but, by the luck of things, most of 
the work was done by motor cars hurriedly fitted with 
armour plate. The aeroplanes made reconnaissance flights, 
the armoured cars engaged isolated parties of German 
troops and helped to extricate beleaguered French troops. 

The R.N.A.S. made the first air raids of the war. The 
attacks on the airship sheds at Diisseldorf and Cologne, 
on September 22, 1914, were unsuccessful, but on October 
8 Reggie Marix sent the Diisseldorf shed up in flames with 
a Zeppelin inside. 

On October 31 the Dunkirk base was established. It 
remained a thorn in the side of the German forces of occu- 
pation in Belgium and Flanders throughout the whole 
war, bombing their naval forces at Bruges, Zeebrugge and 
Ostend and forcing them to build shelters for their des- 
troyers and submarines; the R.N.A.S., at Dunkirk, co- 
operated with ships bombarding the coast, located enemy 
guns, and kept watch for submarines. 

On November 21 three R.N.A.S. Avros bombed the 
Zeppelin factory at Friedrichshafen. 

In the meantime, the 52 seaplanes and seven airships 
which the R.N.A.S. possessed at the outbreak of war 
were also in use. Coast patrols were begun. Seaplanes 
patrolled between the North Foreland and Ostend and 
airships patrolled the Channel while the B.E.F. crossed to 
France. Isle of Grain was organised for the defence of 
the Thames Estuary, Felixstowe for North Sea patrols. 
A station at Scapa Flow had daily Fleet patrols by sea- 
planes from August 24 until the machines and hangars 
were wrecked in a gale on November 21, 1914. Seven 
seaplanes raided the Frisian island coast on Christmas 
Day; the seaplanes operated from three Cross-Channel 
steamers converted into ‘‘ carriers’’; they were escorted 
by two light cruisers and eight destroyers and took off 
from the sea 12 miles north of Heligoland. 
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The war spread and in November, 1914, three pilots and 
three machines were sent from England to Egypt when the 
Turks were threatening to attack the Suez Canal. That 
was the beginning of the present Middle East Command 
Wherever British armies fought aeroplanes flew. But the 
Western Front remained the field of the greatest effort. By 
1916 the R.F.C. was organised in Brigades, each containing 
a Corps Wing and aa Army Wing and two Kite Balloon 
Sections. Squadron strength was raised from 12 to 18 
machines. 

In October, 1916, when the R.F.C. was hard pressed in 
France the R.N.A.S. sent a squadron for temporary duty 
with the Army. In 1917 four more such squadrons were 
lent for service on the Western Front. I remember those 
squadrons with their fast climbing and quick turning 
Sopwith Triplanes. At times they came to the help of 
our obsolescent 143-Strutters, and later we joined forces 
with them in our Camels. That was the time when things 
were so bad that pilots came out to fight after only 
twelve hours’ solo flying. 

But by the end of 1917 the German advantage gained 
from the successes of the early Fokker and the subsequent 
Albatros fighters was swept away for good. The 
R.N.A.S, fighter squadrons were replaced by R.F-C. 
squadrons and returned to Dunkirk. 

After the two Services joined in 1918 to form the R.A.F,, 
British superiority in the air was never seriously challenged, 
although the Germans continued to fight courageously their 
losing battle in the skies. The training of the British 
pilots in 1918 and the quality of their machines in the 
S.E.5a, the Snipe, the D.H.4 and Bristol Fighter (to name 
just a few) had more than the measure of their opponents 

Further fields of effort must be briefly mentioned. One 
was the development of flying boats at Felixstowe. Be 
ginning with American Curtiss boats the famous ‘‘ F 
series of Felixstowe flying boats was developed by Colonei 
J. C. Porte. The work of their crews on North Sea patrol 
from Felixstowe and Yarmouth—hunting submarines and 
fighting Brandenburg floatplanes—is an epic story of 
bravery and endurance. 

Home Detence did not remain the sole province of the 
R.N.A.S. The Zeppelin raids and later the aeroplane 
raids on England were countered by Home Defence 
Squadrons of the R.F.C. and units of the R.N.AS 
stationed in England. In 1917 the air defence of London 
became an R.F.C, Command with guns, aeroplanes, search- 
lights. The raids of Zeppelins ana aeroplanes were finally 
broken. 

During the war the R.N.A.S., the R.F.C. and the R.A.F 
served in France, Italy, Mesopotamia, Salonika, Palestine, 
Aden, the Dardanelles, Russia, India, Darfur, East and 
Central Africa, the Mediterranean and the Adriatic, at 
Home and with the Grand Fleet. 

Statistics 

From 1,244 in August, 1914, by December, 1917, R.F.C 
personnel was 114,260; in the same period R.N.A.S. per- 
sonnel expanded from 600 to 47,815. In October, 1918, 
R.A.F. personnel was 291,748. The 179 R.F.C. aeroplanes 
and the 93 R.N.A.S. aeroplanes at the outbreak of war 
compare with the 22,171 aeroplanes on the charge of the 
R.A.F. at the end of the war, when there were 200 squad 
rons in the Field and 199 Training Squadrons of which ten 
were in Egypt and 15 in Canada. 

On the Western Front, from July, 1916, to November, 
1918, 6,904 enemy aircraft were brought down or driven 
down, 258 enemy balloons were brought down ; 6,402 tons 
of bombs were dropped, 889,526 hours flown, 10,238,182 
rounds of ammunition fired at ground targets and 401,375 
aerial photographs taken. 

In conclusion, it is fair to say that it was not jealousy 
between the fighting units of the R.N.A.S. and the R.F.C 
that required their fusion. The R.A.F. was born to defeat 
the inter-departmental fighting on the Whitehall front. The 
two Air Boards which succeeded Lord Derby’s Committee $ 
recommendation for a strong central control over aviation 
had insufficient power. The creation of a_ separate 
Ministry, equal in status to the Admiralty and the War 
Office, alone could bring the Air Arm into its own, 
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Airspeed Oxfords from an F.T.S. 


HEN the Government decided to expand the 

Royal Air Force two major problems were 

presented to the Air Council. These were 
a) to arrange for an increase in aircraft and equip- 
ment and (b) to arrange for an increase in personnel. 
A great deal of public attention has been devoted to the 
output of aircraft since the expansion policy started, 
and since the outbreak of war much interest has been 
shown in the Empire Training Scheme. All the time, 
however, training has been going on in the United 
Kingdom, and as it is the United Kingdom which has 
amassed the greatest amount of experience, the form 
which the Empire Training Scheme is to take is natur- 
ally and rightly based on the system which has been 
evolved in the Home country. Details, of course, will 
be varied to suit local conditions, but the main prin- 
ciples of the Home organisation will be preserved. 


Training Establishments 


There are, naturally, differences between the organi- 
sation of training in peace and in war. The methods 
of peace training in the R.A.F. have been pretty full) 
described in various articles in Flight in recent years. 
These articles were the result of personal visits to 
R.A.F. stations and included descriptions of Cranwell 
Cadet College, Halton Apprentices School, Flying 
Training Schools, the Central Flying School, the 
School of Naval Co-operation, the School of Army Co- 
operation, and the University Air Squadrons. They 
were reproduced in the Flight book, ‘‘ Squadrons of the 
Royal Air Force.’’ When the expansion scheme was 
commenced certain modifications were introduced, and 
when war broke out still further reforms were found 
desirable. The present article deals with the training 
scheme as it exists in war conditions. Not all of the 
present arrangements are likely to be continued after 
victory has been won and when the Service returns to 


At navigation schools the pupils put in many hours flying 
on Avro Ansons learning their way about. 
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TRAINING in the R.A. 


Maintainng a High Standard of Efficiency in War Conditions 
By MAJOR F. A. de V. ROBERTSON, V.D. 
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a peace-time footing. War also imposes certain 
reticences on the chronicler. But so far as is advisable 
the methods of training now prevailing in the United 
Kingdom are here set forth. 

In 19360 the Royal Air Force was extensively re 
organised into Commands, some of which were placed 
under Air Officers Commanding-in-Chief. One of the 
new creations was the Training Command, and its first 
C.-in-C. was Air Marshal Sir Charles Burnett, now 
Chief of the Australian Air Staff. Until recently all the 
initial stages of training, up to the time when a man 
could fly an elementary type of aeroplane, were under 
the Reserve Command. In the future, however, ail 
training establishments will come under the Training 
Command. This will obviously simplify the organi 
sation. , 

The present system has been largely dictated by the 
decision that in time of war no.permanent commissions 




















































in the regular Royal Air Force were to be granted. The 
R.A.F. College at Cranwell ceased to function as such. 


Permanent commissions were no longer granted to 
candidates from the Universities, though gentlemen 
who had already obtained proficiency certificates in the 
University Air Squadrons were still eligible to receive 
direct commissions in the R.A.F. Volunteer Reserve, 
General Duties Branch. These provisions applied to 
that branch, which means the flying branch. They 
did not apply to some other branches where direct com- 
missions in the Volunteer. Reserve continued to be 
granted. 

The branches in which direct commissions are still 
granted are: Equipment, Accounts, Medical, Dental, 


Meteorological, Legal, Engineering, Signals, Arma- 
ment, Intelligence, Operations Rooms, Code and 


Cypher and certain other branches. However, we are 
chiefly concerned with the training of pilots, air crews 
and aircraftmen. Commissions in the General Duties 
Branch are now only granted for the duration of the 
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The 1.T.W. stres 
ses drill. 

(Below) Over fifty hours 
on an elementary type 
are put in at an E.F.T.S 


(Top) 


war, and are only granted to enlisted airmen. Incident 
ally, there is no conscription for the Royal Air Force ; 
it is kept up to strength largely by voluntary enlist 
ment and by men who express preference for it when 
called up in their age group for the Army. Moreover 
the schools for aircraft apprentices are stil! working to 
capacity in providing a flow of highly trained aircraft 
men for the squadrons and other units. 

The work of these schools for aircraft apprentices has 
been described before in Flight. Naturally, war condi- 
tions have made necessary some changes in their 
methods of work, but they are permanent institutions 
of the Royal Air Force and are therefore less subject to 
radical alterations in time of war than are many other 
institutions. Briefly, boys enter these schools between 
the ages of 15 and 17 and normally spend three years 
at them. During that time they receive an excellent 
general education and are also specially trained in one 
of the more important trades of the R.A.F., such as 
rigger, fitter, armourer, instrument maker, electrician. 
and wireless operator mechanic. There are separate 
Electrical and Wireless Schools for apprentices who 
specialise in such subjects. 


Air Crews and Ground Staff 


The trainees who have to be dealt with tall into tw: 
main classes, air crews and tradesmen who work on th: 
ground. Air crews consist of pilots, observers and wire 
less operator-air gunners. Volunteers for these callings 
must first present themselves at a Combined Recruiting 
Centre (all recruiting centres now deal with ali three 
Services). There they are interviewed by a Selection 
Board and are medically examined. The Selection 
Board tentatively recommends some of the men for com 
missions, but all enter as airmen. 

Then the men who are to be pilots and observers are 
sent to an Initial Training Wing. There are several of 
these in the country, and they only came into being after 
the outbreak of war. They are not situated at regular 
R.A.F. stations, and there is no aerodrome attached 
Some of them are at seaside resorts, and the men are 
now all billeted in hotels which have been taken 
over. At the I.T.W. the men are given ground instruc 
tion and physical training. They have to be in fine fettle 
for the work which lies ahead of them, and they have 
to learn something about the ways of a fighting Service. 
They are drilled until they become very smart, and have 
learnt the need for discipline and prompt obedience t 
orders. They are also taught to take command as weil 
as to obey. Their P.T. instructors include well-known 
athletes, some of them professional boxers Lectures 
are given, and the tuture pilots are given some instruc- 
tion in the Link Trainer. 

Most readers of Flight have some knowledge of the 
Link Trainer. Briefly, 1t is small-scale reproduction of 


Specialised training. A lecture on cameras at the Schoo! 
of Photography. 
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TRAINING IN 
THE R.A.F. 
(CONTINUED) 


Expansion. Direct entry 
men learning their trade 
at one of the many schools 
in the country to-day. 





a pilot’s cockpit, fitted 
with controls and instru- 
ments, and a hood which 
can be drawn over to 
reproduce the conditions 
of flying through cloud or 
fog. The Trainer moves 
on its base in response to 
the pilot’s manipulation 
of the controls. A more 
recent version, known as the ‘‘ Visual Link,’’ -is used 
at the 1.T.W.s After a careful course of instruction on 
the ‘‘ Visual Trainer,’’ it has been found that a pupil 
takes far less time to become accustomed to flying an 
actual aeroplane. 


The Second and Third Stages 

Atter a few weeks at the I1.T.W. the trainees all pass 
on to the next stage. The pilots and the observers then 
separate. The pilots go to an elementary flying school 
mauaged by some aircraft company, but in time of war 
brought into closer touch with the Air Ministry. At 
this school they are taught to fly an elementary type o1 
aeroplane. Both the I.T.W. and the elementary schools 
are under the Reserve Command. When they have been 
passed out by the elementary school, pilots come under 
the Training Command and go on to a regular R.A.F. 
Flying Training School. There the first stage is a con- 
version course, known as intermediate training, in which 
they are taught to be competent pilots on Service types 
of aircraft. Finally, they proceed to the advanced train- 
ing stage, which is not concerned with flying as such, 
but with the duties which a pilot has to perform. The 
men have to become expert in navigation, formation 
flying, and above all in the use of their weapons. During 
this period they all go to a gunnery and bombing school 
where they fire live rounds and drop practice bombs. 
While at the F.T.S. the pilots are sorted out as suitable 
for fighter, bomber, flying boat or army co-operation 
squadrons. A pilot’s real qualities do not always show 
themselves in the early stages of training, and sometimes 
a slow starter ends up as a brilliant pilot. At the F.T-.S. 
the pilots are given their ‘‘ wings,’’ and final recom- 
mendations for the grant of a commission by the King 
are made .Those not so recommended become sergeant 
pilots, but they have a chance of winning a commission 
later on by good work. On leaving the F.T.S. the pilots 
are sent to a sort of pilots’ pool, where they do still more 
flying, and ultimately they are posted to their squadrons. 

The observers, after leaving the I1.T.W. are sent to 
an Air Observers Navigation School, for navigation is 
their most important task The third stage in their 
training is a gunnery and bombing school, for every 
observer has to be able to do duty as bomb-aimer or air 
gunner. In case of casualties in an air crew either the 
second pilot or the observer is capable of aiming the 
bombs or using the machine guns. On leaving the 
gunnery school final recommendations are made for some 
of the observers to receive commissions, while the rest 
become sergeants. They are then sent to their squadrons 


Practice at the stop butts at an armament school. 
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and become members of air crews, who are well trained 
to work together as a team 

We left the air gunners at the Recruiting Centre 
course of training is rather different. 
to be essentially air gunners and will wear the honourable 
badge of that calling on their breasts, they must also De 


heir 
Though they are 


wireless operators. So they are sent first to a wireless 
school until they become very proficient in the mysteries 
of sending and receiving by Morse. In the Bomber and 
Coastal Commands communications are by W/T. After 
the wireless school the air gunners go to an I.T.W. to 
learn dnil, etc., and then pass on to a gunnery and 
bombing school. They end up as sergeants, and are not 
considered for commissions at that stage They may, 
however, earn commissions by good and _ gallant 
behaviour in the face of the enemy. 

In that way are air crews built up. The care now 
bestowed on training is in great contrast to the methods 
which prevailed in the last war before the influence of 
Col. Smith-Barry, at Gosport, made itself felt. In those 
days a pilot was often sent to France at the stage when 
now he would just be leaving the elementary school 
for the F.T.S., and he had to learn the rest of his busi 
ness in the face of the enemy—if he lived long enough 
to acquire the knowledge It is tragic to think how 
many young pilots were killed in those early years before 
they had a chance to learn what the F.T.S. now teaches 
them. Now the Training Command has no intention of 


lowering the quality of the pilots turned out, although 
increased the quantity 


it has already The Empire 
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Miles Masters figure in the advanced training at an F.T.S. 


Training Scheme will before long ensure an enormous 
increase in quantity, still without letting down the stan- 
dards of quality. Those standards are set by the Central 
Flying School, which still carries on its work of training 
flying instructors. Its methods and standards are to be 
the guiding principle of training in Canada and through- 
out the whole of the Empire Training Scheme. But the 
work of the C.F.S. does not end there. When new types 
of aircraft are turned out they are first sent for examina- 
tion into their qualities by test pilots. Not all of the 
machines so tested are adopted for use in the R.A.F. 
Those which are adopted are tried out at the C.F.5., 
which examines all their little ways, and brings out a 
handbook on the best way to fly them. Every pilot in a 
squadron which goes on to a new type of Service machine 
must study the C.F.S. handbook on how to fly it, and 
there learns what to do to get the best out of it, and 
what not to do because it would get him into difficulties. 
Whenever a Command or a Group Is given a new type, 
it may ask the C.F.S. for help, and expert instructors 
will be sent to brush up the operational pilots in the ways 
and tricks of the type. The C.F.S. is, of course, under 
the Training Command. 

Here it may be appropriate to remark that R.A.F. 
Training Schools are to be established in France, but 
details of the scheme*have not yet been made public. 

To turn to the training of the aircraftmen who do the 
maintenance work on the ground. The principal trades 
are flight rigger and flight mechanic, who may rise in 
time to Fitter One. Armourers and electricians are also ot 
first-class importance. Other trades for which men have 
to be provided are those of motor drivers, photographers, 
equipment assistants, cooks and butchers, A.A. defence 
gunners, parachute packers, medical orderlies, instru- 
ment repairers, clerks, R.A.F. police and physical train- 
ing instructors. 

There 1s still a large intake from the enlarged appren 
flight mechanics, elec 


tices schools of flight riggers, 



















tricians, instrument repairers and armourers, but more 
men are needed than the schools can supply. These, and 
also the other tradesmen mentioned above, have to be 
provided by direct enlistment. As stated above, some men 
volunteer without waiting to be called up in their age 
groups, and others who are called up express a preter- 
ence for the R.A.F. They can only be accepted if there 
is room for them in the training establishments. There 
are schools of technical training for men in different 
parts of the country, and they are kept very busy. The 
volunteers first apply at a recruiting centre, and here it 
may be worth while remarking that the address of the 
nearest centre can be obtained from any labour ex- 
change. From the centre the men are sent to one of 
the technical schools, and then they are sent straight to 
their units, squadrons or schools. — 

Emphasis should be laid on the main ideal of the 
Training Command, namely, that there must be no fall- 
ing off in quality. The Command has already achieved 
a very considerable increase in quantity, but the greatest 
increase in that direction will be provided by the Empire 
Training Scheme—which likewise will observe _ the 
supreme importance of maintaining quality. That 
scheme has been already described in Flight, but its main 
features may be recapitulated here. Four Empire coun- 
tries are concerned in it, the United Kingdom, Canada 
Australia and New Zealand. Canada is the centre ol 
the scheme, and the Canadian Government is in charge 
oi its working. In that Dominion, far from any chance 
of interference by hostile bombers, the advanced train- 
ing of air crews from all the four countries will be unde! 
taken. Not every pilot and observer will be sent to 
Canada, for, just as advanced training is being carried 
on in Great Britain, so certain facilities for it exist in 
Australia, New Zealand and other lands, notably 
Southern Rhodesia. But enormous numbers of air crews 
are needed, and all the men who cannot be accommo 
dated in the schools in their own lands will go to Canada 
Of course, that Dominion provides Initial Training 
Wings and Elementary Flying Schools for its own 
trainees, but its advanced schools will be for the men 
from all the four countries. South Africa is arranging 
for the advanced training of its own men. It has been 
agreed that in all four countries the advanced flying 
training shall be on the lines evolved by the Central 
Flying School, so that the pilots of all parts of the Em- 
pire shall be uniform, and will, if necessary, be able to 
transfer from the Air Force of one country to that ot 
another. In this way an Empire Air Force will be built 
up which will ultimately be overwhelming in quantity 
as it will also be supreme in quality. 


Apprentices learning float repair work at one of the technical 
schools. 





















































































16, 1940 
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ore ~ le 
aie RP 
—— pee ‘ a 
Frequent exercise is given in the correct 
method of abandoning an aircraft with 
parachutes. On the left two members of 
more oe crew demonstrate how they, would 
eave over the trailing edge of the wing, 
’, and while above the nagivator-bomb aimer 
to be makes his exit head first through the floor. 
e men 
r age 
refer- 

there old ‘‘42.’’ Its fuselage was deliberately made narrow 
There to .effect a reduction in projected area, desirable from 
erent aerodynamic and military viewpoints. 

The Working forward one passes below the upper reat 
ore it gun position and over the bomb cells, though these are 
f the hidden by the floor. At the pilot’s suggestion (he wore 

x. the dark blue of the Royal Australian Air Force) we sat 
e of on the front spar until we had left the ground when we 
ht to slid under his seat into the nose, which is a veritable 

masterpiece of moulded transparency 

the An optically flat ova! panel is inserted for use in con- 
fall- junction with the course-setting bomb sight and the 
vel side panels give.a view of whirling spinners on the De 
atest Havilland airscrews, which were by this time in coarse 
pire pitch. On the right wall of the nose is a panel of selec 

the tor switches for use with the electro-magnetic bomb 
That release. One also noted the folded navigation table, 
nin the sets of. flight instruments for use in bombing, and 
un- the stowage for the drift sight. 
da. The view from the nese of the Hampden is enceptionally On that sunny spring afternoon it was like being in a 
> of good, greatly facilitating the work of the navigator-bomb 
irge aimer. 
nce 
rin- ment. Originally this comprised a fixed Browning gun 

ler- and a free, downward-firing Vickers K in the nose, a 

to Vickers K on top of the fuselage firing aft and a similar 
‘ied gun below. The rear armament has now been doubled 

in and there are two K guns in each of the rear positions. 
bly As in all our modern bombers armour plating is incor- 

WS porated at certain points. Another welcome develop- 
no ment is an improved cabin-heating system. 

da The Wing Commander had allocated us places 
ing in a machine and detailed a flight of three air 
wn craft to fly for photographs. A pre-war trip with 
en Major Cordes at Radlett had familiarised us with the 

ng layout of the Hampden though to the delight of atten- 
en dant fitters (who, although the essence of helpfulness, 

g usually count on a laugh when the Press visits them) 
ral entered the lower gun position in the approved style 
m- but groped for access to the cabin in a totally wrong 
to direction. 
ot As an aerial limousine the Hampden hardly rivals the 
ilt 
ty After being ‘‘ briefed ’’ pilots leave, completely equipped, for 

their Hampdens. 














A flight of Hampdens, with open bomb doors, sweeps across 
the aerodrome, simulating a low-flying attack. 
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The sharply-tapered wings and the slim rear fuselage of the Hampden are evident in this view of a formation. It will be seen 
that the bomb doors are open. 


conservatory but one could imagine what a dramatic 
setting it would make at night over Sylt with the bomb- 
aimer silhouetted against searchlights and ‘‘ flaming 
onions,’’ intent on a runway nicely in his sights 

Our meditation was broken by a crackle over the 
‘intercomm ’’ and the pilot asking if we could see the 
other machines. We couldn’t, but a minute later he 
had spotted them, and although we were flying at only 
1,00o0ft. and the automatic boost controls were limiting 
the intake pressure, we saw the needle of the A.SH. 
swing well beyond 200 as he opened the throttles. 

Then we had an unrehearsed demonstration of the use 
fulness of the intercommunication system. Back in 
one of the rear gun stations with our photographer 
was a Sergeant who instantly relayed all requests for 
changes in position. These were persistent, varied 
and, sometimes, seemingly contradictory, and _ after 
fifteen minutes or so of throttle juggling in the vicinity 
of an unseen formation, one was not surprised to hear 
something about being ‘‘ browned off’’ come over the 
earphones. It had an Antipodean intonation. Happily 
the “‘ browning off’’ coincided with the completion of 
photography and it was with thankfulness and enthu- 
siasm that the pilot announced his intention of shoot- 
ing up the aerodrome before landing. 

By the time the drably camouflagéd aerodrofn 
could be distinguished ahead one was installed in the 
upper rear gun position with the transparent hood 
stowed forward and a pair of Vickers Ks to hand 
There is no ‘‘ clock’”’ in the gun stations and so we had 


no indication of our speed over the aerodrome but 
(Concluded on page 455 





There is a suggestion of ‘‘ Mayo ’’ influence about this view of two Hampdens flying in close company. Formation-flying 1s, 
of course, highly important in the training of a bomber pilot. 
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THE LeO 45 BOMBER 


Pride of France’s Bombing Force 


NE of the shapeliest and most efficient bombers 
() in the service of the Allies is the LeO 45 (official 

designation LeO 45 B.4), now being built in 
series by the Société Nationale de Constructions Aéro 
nautiques du Sud-Est. 

The LeO 45 was designed about five years ago by 
M. Mercier, who must also be credited with the 
development of the unusual engine cowlings employed. 
In the prototype as originally flown the Hispano radials 
were fitted with conventional N.A.C.A. cowlings. 
Somewhat later, large, faired oil coolers were built out 
from the wing but were subsequently abandoned. The 
machine is shown in its up-to-date form at the head of 
this page. Points to note for recognition purposes are 
the taper of the wings, the sharp dihedral on the tail- 
plane and the unusual design of the vertical tail sur- 
faces. 

Up to the present the LeO 45 has not functioned as 
a bomber, but is believed to have been used quite ex- 
tensively for deep reconnaissance work over Germany. 








Parts of the Mercier cowlings have been removed from the 
Hispano-Suiza radials of this LeO 45. The clean nose entry 
will be noted. 





ake 
» So 


The structure was designed to ac 
commodate Gndme-Rhone P.14 
engines of 1,200 h.p. each, which were 
estimated to give a speed of 320 m.p.h. 
at 13,000 ft. In official tests the proto- 
type was dived at 388 m.p.h. 

There are four main sections to the 
wing: the centre section, in two 
halves, and the outer panels which are 
attached outboard of the engine 
nacelles. In the centre section there 
are two spars with steel booms and 
duralumin webs. The compartments 
between the spars are used for fuel 
tankage and are covered with corru- 
gated sheet with smooth sheet super- 
imposed. The outer panels are built 
round main central girders and corru- 
gated and smooth sheet is applied as 
on the inboard sections. The electric- 
ally controlled flaps are of the split 
type and the ailerons, of high aspect 
ratio, are slotted and can be depressed 
from the pilot’s control wheel to assist 
take-off and landing. 

In the all-metal monocoque fusel- 
age there are sixty main and auxiliary 
frames which are interconnected longi- 
tudinally by stringers. Smooth sheet 


covering with flush riveting is then 
applied. 

Of unusual design the tail is char 
acterised by a sharp dihedral on the 
horizontal surfaces. Each half of the 
tailplane is separate and is built round 
a metal girder at 50 per cent. of the 
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A pleasing impression of 
the modified prototype 
of the LeO 45. 


Below is a view, by 
courtesy of L’Aero- 
naulique, which gives a 
good idea of the section 
and construction of the 
fuselage of the LeO 4s. 
In the foreground is a 
heart-shaped emergency 
exit. 





chord. The twin fins and rudders are at- 
tached practically at the extremities of the 
tailplane and most of their area is below 
the horizontal surfaces. Trimming tabs 
are provided on the rudders and ele- 
vators. 

Retractable into the engine nacelles, 
each half of the undercarriage has a main 
structure of duralumin which houses the 
oleo-pneumatic legs. There is an inclined 
strut which, when ‘‘ broken,’’ causes the 
wheel to rise. When retracted the wheels 
are covered by sets of doors shaped to 
the nacelle contour. Retraction is by 
cable. The tailwheel is likewise retract- 
able. 

A bevy of LeO 45s awaiting test. It will be 


seen that they have their under turrets 
extended. 
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“MAINTENANCE in the FIELD 


Air Forces in France 
Airworthy 


(Exclusive official photographs taken 
specially for “ Flight"’ in France) 


LTHOUGH considerably 

A less spectacular than 

the flying branches of 

the Royal Air Force, main 

tenance of its aircraft is just 
as essential. 

In these special photo 
graphs, taken in the field, for 
Flight, is shown something of 
the patient devotion to duty 
of our riggers and _ fitters. 
During this last winter under 
its exceptional weather con- 
ditions, accurate and careful 
work in the open air called fot 





Top) Half the Battle. All 

simple adjustments; greasing 

and cleaning are carried out at 
the advanced aerodromes. 


Right Retractable under- 

Carriages require to be kept 

clean. Note the iron grids to 
defeat mud. 





Fairey Battles, which have given 
such excellent service in the field, 
awaiting attention. 


a high degree of self-discipline 


and now, under almost con- 
tinuous attacks, our aircraft must 
be serviced, repaired and kept 
airworthy. 

As in the 1914-1918 war, th« 
highest confidence is placed by 
the flying personnel in the 
ground staff who keep them in 
the air; were it not so the 
efficiency of the Royal Air Force 
as a whole would be seriously 
impaired. , 


(Above) Re-equipping a machine with 
a fresh supply of oxygen. Cylinders 
of oxygen must be carried on any 
operation involving a height ol 
20,000 ft. or over. 
Left) Come rain come snow, ten hour, 
twenty hour or one hundred and 
twenty hour inspections must be 
carried out. 


—— 
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A new patient. Surrounded 
by the customary para- 
phernalia a Battle awaits 
treatment at an aircraft park 


(Left) Mostly a winter occu- 

pation. An aircraftman 

applying de-icing compound 

to the leading edge of the tail- 
plane 


(Right) Essential clarity. Rubbing 

glycerine over the bomb-aimer’s 

window of a long-nosed Bristol 

Blenheim to defeat frost and misting 

up. Both Battles and Blenheims are 

covering themselves with glory in the 
big battle now in progress. 


Di 
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MAINTENANCE IN THE FIELD 
(CONTINUED) 


Left) Under cover. More serious 

overhauls and repairs are done in 

workshops specially erected or in 
buildings leased locally. 


(Below) At an aircraft 
repair depot. A rigger 
attending to the tail 

controls of a Battle. 


At LM PLY 


(Below) For easy control. Generous 
application of the grease gun ensures 
smooth functioning. 
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A Flight copyright study of a Bloch 152 as now in service with the French Air Force 


THE BLOCH FIGHTERS 


Sturdy, Radial-engined Single-seaters 


IGHTERS of Marcel Bloch design have been in pro 

duction for over a year at the Déols-Chateauroux 

factory of the Société Nationale de Construc 
tions-Aéronautics de Sud-Ouest (S.N.C.A.S.O.). In _ the 
main the machines have been of the 152 series (Gnéme 
Rhone 14N 21), which is similar, except for the engine, to 
the 151 (Gnédme-Rhéne 14N 11). Both these types are direct 
developments of the Bloch 150 which appeared in 1937 with 
1 direct-drive GnOme-Rhoéne engine. The geared 14N unit 
was first installed early in 1938 and the following month 
the prototype, still the pro- 
perty of M. Marcel Bloch, 


was demonstrated to a commission and a series of twenty 
five machines were ordered. At the same time a tentative 
order for 475 additional machines was placed. The official 
designation of the machine at that time was Bloch 
150-C.A.1 (chasse et d’assaut, mcnoplace) employment 
both as a fighter and a ground attack being visualised. An 
experimental installation of a Pratt and Whitney Twin 
Wasp was then made in one aircraft. Shortly afterwards 
the prototype 15¢c was abandoned in the air when its retract 
ible undercarriage jammed 
It was stated before the 
outbreak of war that it 


underwent its initial firing BLOCH 152 C.1 ippeared that Bloch fighters 
tests at Cazaux. Two20mm. : Gnéme-Rhoéne 14N 21 Engine would “‘ soon be coming from 
Hispano - Suiza_ shell-guns DIMENSIONS Weicuts ano Loapin the factory at the rate of 100 
were installed in the wings, : pan Saft. Tir wt Twat a month Certainly a use 
and it is claimed that excep- | mo se a9 Shin Weight loaded _ aie ful quantity is now in service, 
tionally good results were : Wine area 186.5 sq. ft Wine loading 31.4 Ib. 'sq, ft and mention has lately been 
obtained thanks to the design: Seeniniaen made of a Bloch 155, which 
of the mountings and the : Top speed 323 m.p.! may be a developed type. 

stiffness of the wing structure pee ot ey —— rhe low cantilever wing of 


In April, 1938, the prototype 


the 151 and 152 is built in 
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This head-on view shows the prototype Bloch 

150. The large projections from the wings are 

fairings for two Hispano-Suiza 404 high-velocity 
shell-guns. 
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two main portions which are bolted to the fuselage. Each 
half-wing is made up of six principal parts. The box spar 
has ribs and diagonals attached and is then covered with 
stressed metal skin ; the leading edge is then added in two 
parts, a fixed centre portion and a detachable tip. The rest 
of the wing is completed by the addition of hydraulically- 
operated split flaps and ailerons, the latter occupying about 
half the span. 

Of bulky appearance, the fuselage is a monocoque struc 
ture with formers, stringers and stressed-skin covering 
The heaviest formers are those which support the engine 
and wings; these are of the reinforced box type, whereas 
the rest are of U-section. The rear portion of the fuselage is 
in two halves joined on the centre line. 


Unusual Cowling 
The engine 1s flexibly mounted on a welded steel tube 
structure, and drives a three-bladed variable-pitch air- 
screw 1oft. in diameter. As already stated the Bloch 152 
is fitted with a Gnédme-Rhéne 14N 21. This is a 14-cylinder 
two-row radial giving about 1,030 h.p. at 13,o00ft. The 
cowling is of the long-chord scalloped type and the orifice 
for the intake of the cooling air is of unusually small dia 
meter. It is known that on certain machines this has been 
enlarged very considerably, which may denote cooling 
difficulties. Round the trailing edge is a series of flush 
‘‘pepper box’’ exhausts. These, of course, are character 
istic of a number of Gnéme-Rhé6ne installations 
A self-sealing tank is mounted in the fuselage be 
neath the pilot’s seat, and the oil tank is in the 
centre-section of the wing, the 
radiator being beneath the wing 
The Messier retractable under 
carriage is raised inwardly. In 
their raised position the wheels are 



























covered by metal plates 
Armament, as in most 
types of modern fighter, can 


be varied. There is provi- 
sion for four (or possibly six) 
M.A.C. wing - mounted 


machine guns with 4300 
rounds apiece ; two Hispano 
Suiza 404 20 mm. shell-guns 
with 60 rounds each ; or both 
these loads can be carried 
simultaneously. The Hispano 
404 gun is of the long high 
velocity type, and when in 
stalled in the Bloch fighter 
protrudes some distance from 
the leading edge, being pro- 
vided with large faired sup 
ports. There is a sheet ol 
armour plate behind the pilot 
and the usual reflector and 
ring sights are fitted 


Flight photogr 
** Pepper box ’’ exhausts and 
a small inlet for the cooling 
air characterise the engine 
installation on this Bloch 151 
photographed at the last 
Brussels Show. 





M. 
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A slim fuselage and generally business-like lines characterise the Martin 167F. 


THE FRENCH MARTIN 


Features and Development of the Model 1671 


HE war had not long been started before the 
French were sending Martin 167s on reconnais- 
sance flights over Germany. It is not known 
how many Martins have by this time been delivered to 
France, but it was estimated last year that over a hundred 
should have arrived before Christmas. The initial order 
was for 215 machines, and the Glenn L. Martin Com- 
pany of Baltimore, Maryland, 
was to be paid 130,000 dollars 
for each, the order totalling 
about 28,000,000 dollars. 


, 
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two spars and a corrugated top section extending out- 
board from the engine bay. The structure is riveted 
aluminium alloy with heat-treated steel fittings at 
highly stressed points. Smooth alloy sheet forms the 
covering. Two integral wing tanks with a capacity of 
255 U.S. gallons are placed between the spars, extend 
ing from the .side of the fuselage to the engine bay 
Quickly removable covers on the 
lower surface of the wing permit 
the interior of the fuel tanks to 
be serviced and the wing and 





The French version of the 167 
is known in America as the 167F, 
but is generally similar to the 
167W. 

The cantilever wing of the 167 
series is comprised of a centre 
section, built integral with the 
fuselage and forming the anchor 
age for the undercarriage and 
engine mountings, and two de- 
tachable outer panels. There are 
detachable tips outboard of the 
ailerons. The primary structure 
is of the box type, there being 








controls to be inspected; othe: 
covers provide rapid access to the 
wing guns when these are in 
stalled. The flaps are of the 
slotted type, and extend from the 
sides of the fuselage to the in 
board end of each aileron. A flap 
position indicator is incorporated 
with the landing gear indicator 
in the cockpit 


The top gun position of the 167F is 


partially retractable. It is not 
thought that power operation is 
provided 
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The fuselage is of semi-monocoque construction, and 
incorporates channel-section transverse frames and ex 
truded longitudinal stringers with a smooth skin covering 
Like the wing it is built in three sections, the parts being 
bolted together. The nose section consists in the main 
of transparent panels ; the mid-section, built integral with 
the centre section of the wing, includes the bomb bay ; 
and the tail section runs aft from the rear spar bulkhead. 
The cantilever tailplane is likewise in three sections and 
the elevators are part metal and part fabric covered. 

Of fully retractable type, each of the main units of the 
undercarriage has a single oleo-pneumatic strut attached 
to a half fork—an arrangement making for easy re 
moval and replacement of tyres. Retraction is effected 
hydraulically, though there is an emergency hand pump 


Removable Nacelles 

The undercarriage, when raised, is housed in the 
nacelles, each of which, with its engine, may be removed 
as a unit, though the cowling has first to be taken off 
Engine mountings are of welded chrome molybdenum 
steel tubing, the upper members being attached directly 
to the wing and the lower ones connected to the struc 
ture which supports the undercarriage. 

The pilot’s cockpit is over the leading edge of the wing 
and the bomb-aimer’s position somewhat forward of this. 
A gunner is stationed aft of the trailing edge, where 
there is a partially retractable gun position on top of the 
fuselage. Provision is also made for a second gun to be 
installed in the bottom of this position and to fire through 
a hatchway which has removable covers. Wireless 
equipment is installed in the same compartment and is 
operated by the gunner. All crew positions are covered 































































































































The salient features of the Martin 167F reconnaissance 
bomber as supplied to France, are evident in the above 
Flight copyright drawing. 


An interior view of a 167F under construction. This is 
reproduced by courtesy of Fortune. 


with Plexiglass except the forward portion of the cock- 
pit, where laminated plate glass is utilised. 

Either the pilot or the bomb-aimer can fly the machin 
the controls for the latter being arranged so that the; 
may be stowed to provide maximum freedom during 
bomb aiming. The auxiliary controls, however, art 
limited to the elevators, rudder and ailerons, althoug! 
provision may be made for landing gear and flap 
controls. 

Any of the three models of the Pratt and Whitney 
[Twin Wasp (R-1830 series) may be specified. The 
SC3-G is a single-speed supercharged version operating 
on 87 octane fuel and delivering 1,050 h.p. at 2,700 
r.p.m. at sea level and 1,000 h.p. at 2,800 r.p.m. at 
11,500ft. With these engines the 167 has a maximum 
speed of 274 m.p.h. at sea level and 304 m.p.h. al 
critical altitude. The service ceiling in this case 1 
29,000ft., and rate of climb at sea !eve! 2,o00ft. / mp 
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Using S2C4-G engines with two-speed superchargers 
the performance is identical except for an increase ol 
2,000ft. in service ceiling. The second supercharger 
speed with these engines takes effect at 20,8ooft. 

The highest performance is attained with $S3C4-G 
engines operating on 100 octane fuel. These deliver 
1,200 h.p. at 2,700 r.p.m, at sea level and 1,050 h.p 
at 2,700 r.p.m. at 13,100ft. ; they have two-speed super- 
chargers and confer a top speed at sea level of 281 
m.p.h. and a maximum at critical altitude of 316 m.p.h 
It is claimed that the service ceiling is 31,o0oft., the 
rate of climb at sea level 2,400ft. /min., and the absolut 
single-engine ceiling 14,000ft. 

In addition to the two free guns behind the wing the 
167 series is designed, if necessary, to take four fixed 
rifle-calibre guns, two in each wing on each side of the 
fuselage, firing outboard of the airscrew arcs and cap- 
able of being fired simultaneously or individually by 
switches on the rim of the pilot's control wheel. 

For bombing an internal rack may be installed to 
carry a maximum of 1,250 lb. of bombs in any of the 
following arrangements:—One 1,130 lb. bomb; two 
624 lb. bombs; four 308 Ib. bombs; or eight 116 Ib 
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MARTIN 167 





Iwo Pratt and Whitney 
Twin Wasp $3C4-G 
engines 





On a number of the French machines the bomb 
bay is occupied by a long-range tank as the aircraft are 
Doubtless the 
French Government is making its own arrangements fot 
bomb grouping The bombs are released through two 
doors in the bottom of the fuss lage. 

When ground attack missions are to be undertaken 
the four fixed wing guns are fitted and small fragmenta 
tion bombs are carried in chutes in the bomb lay 

The manufacturers claim that the machine is als 
suitable for fighting, but it must be borne in mind that 
it is comparatively large and heavy and but lightly 
armed in comparison with other modern types of twin 
engined fighters Che story of the development of the 
167 as related in Fortune makes interesting reading 

In 1938 Mr. Glenn Martin was out after new U.S 
Army orders and in January of that year the Army put 
out specifications for a new competition for “‘ attack 
bombers.'' These reflected a combination of European 
experience with relatively small twin-engined bombers 
and the U.S. Army’s experience with ground-attack 
machines. An aircraft of about 15,000 lb. capable of 
over 280 m.p.h, was required. Martin, Douglas, Stear 
man and others submitted machines, but when the proto- 
types were about half finished the Army began to change 
its mind as to what it really wanted 


bombs 


intended for strategical reconnaissance 


It was announced 
that the competition would be held as arranged, but it 
was also stated that a new series of spec ifications for 
larger and heavier machines had been drawn up and 
that a competition would be set for April 

Late in 1938 the French Government sent a mission 
to America and in the following February it was 
announced that 115 Martin 167s had been ordered, the 
figure later being increased to 215. In March the U.S 
Army doggedly went through with its originally planned 
competition though no production orders were placed 
The following month saw the completion and testing of 
the heavier, faster machines as a result of which a 
15,000,000 dollar order was placed with the Douglas 
concern. ‘‘Thus,”’ states Fortune, ‘‘the French got 
their American ships as the President desired, but the 
Army also emerged with a faster plane.’’ 
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A VISIT to AMERICA in WARTIME 
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Red Tape, Dollars and Torpedoes : At the Home of Orville Wright 


HERE are many difficulties in 

visiting America in wartime, 

the chief being red tape, dol- 
lars and torpedoes; and the greatest 
of these is dollars. 

In the first place, the steamship 
fares are raised about 50 per cent., the 
cabin rate on a twenty thousand 
tonner being raised to the pre-war 
first class rate on the Queen Mary. 
This, however, is a minor handicap 
because, unless you can persuade the 
authorities that your trip is in the 
national interest, you cannot get the 
exit permit without which you cannot 
leave the country. 

I surmounted the first hurdle by 
writing a page setting forth excel- 
lent reasons why I should be allowed 
to pay my annual visit to Mr. Orville 
Wright, at Dayton, Ohio. I pointed 
to my industry on my last visits in 
delivering addresses at Dearborn, at 
Mr. Henry Ford’s invitation, and at the Massachu- 
setts Institute of Technology, at Cambridge, Mass., at 
the invitation of Professor Hunsaker, in addition to 
my contributions to U.S. Air Services magazine at 
Washington. After some delay I received the permit. 

The next problem was to obtain permission to carry 
more than {10 with me, and when I urged the fact that 
at the beginning of the war I had been requested to 
“‘ offer’* my American bank account at the pegged rate 
of exchange, whether I liked it or not, and that I had 
cheerfully complied with this forcible suggestion, I found 
that the department I had obliged in this way had no 
connection with the department I now begged to let me 
export currency. However, departments do not give 
their reasons, but I was pleased to hear that I should 
be given the permission, providing I would undertake 
to bring back any fees I received for lecturing and 
writing, in dollars, and would turn these dollars over to 
the authorities, also a: the pegged rate of exchange. 
This undertaking being given, I then received authority 
to export the necessary dollars, amounting to less than 
half the dollars surrendered under the officially requested 
“offer ’’ of six months before. 


Alternative Routes 

I was now free to buy a ticket to America, which I did 
through the Cunard White Star Company, and thinking 
that my nerves, while standing the strain of torpedo 
threats out to America, might not be able to stand similar 
fears on the return journey, I booked my return passage 
on the United States Line home by way of Genoa. 

After some delay in starting, owing to my old enemy 
lumbago, which necessitated an extension of my exit per- 
mit, I sailed on a nameless steamer from a western port 
in or about the first week in April 

I found on embarking that I was the only passenger 
going to America on a visit. Everyone else had some 
better reason for crossing the Atlantic in wartime. On 
was on his way to Rio on an electric engineering job; 
another was out to help the war chest by selling English 
manufactured silk underwear for the ladies of America ; 
while a lady passenger was on her way to raise dollars 
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The Author, a life-long friend of 

the Wright family, introduced the 

Wright biplane to Europe. He 

was the first Englishman to fly as 
a passenger. 


By for a fund for a charitable mission. 
“ But the people with the best reasons 


BREWER seemed to be the 400 refugees who, in 


the happiest vein, were following the 
setting sun to escape from Nazi perse- 
cution. 

It took ten days to get to Halifax 
and then another two days on to New 
York, where we docked unobserved 
with no friends to greet us at the quay. 
At Halifax we had attempted to tele- 
graph to our friends in New York, but 
we were not allowed to give the ex- 
pected time of arrival, nor the name 
of our ship, so we arrived in New 
York Harbour in modest silence and 
went unheralded to our hotels. 

Once away from the docks, and in 
the City of New York, it was hard to 
believe that a war was raging across 
the sea. The absence of the black-out 
and the presence in the Press of news 
having nothing to do with the war 
were changes which brought back to mind the happiness 
which one has to lose in order to appreciate it. 


Forgetting to Remember 

I stayed with Mr. Orville Wright long enough to dis 
cuss all the war problems which were uppermost in my 
mind when I left England. But the soothing effect o! 
the voyage, and the distance from the seat of war, 
dimmed my recollection, and I found when he saw me 
off at the railway station, eight days later, that the very 
things I had come to discuss had been forgotten, and ] 
left with the contented mind of an onlooker unruffled by 
participation in the strife. 

All the same, those eight days were full of interest 
We met Major Lester Gardner, Vice-President of the In 
stitute of Aeronautical Sciences, at the Dayton Air Port 
and took him back to lunch at Mr. Wright’s house, and 
then, in the evening, we attended the inauguration dinne 
at the Engineers Club of the Dayton Branch of the Insti 
tute of Aeronautical Sciences, when Major Doolittle, the 
President of the Institute, gave the opening address and 
told the members of the Dayton chapter of the work en- 
trusted to them by the Institute. We enjoyed the film 
of the early flying days, and I wished the Dayton 
branch, on behalf of the Royal Aeronautical Society, 
success in their work. 

On another occasion we visited the Wright Memorial. 
This is in process of construction on the hill which over 
looks the original flying ground at which the early flying 
experiments were carried out, after the initial success at 
Kitty Hawk, in 1903. Here I felt great personal interest, 
because it was on this field that Reinhart instructed me 
to fly in 1914, when I took my American flying ticket. 
This Wright Memorial is to be unveiled on August 19— 
Mr. Orville Wright’s birthday. 

On another occasion I was invited by Colonel Deeds, 
President of the National Cash Register Company, fo 
lunch with him at the company’s plant. I accepted, 
thinking it would be a quiet lunch with Mr. Wright and 
himself, but found on arrival that we were to lunch in 
the Horse Shoe Room, an immense room with a horse- 
shoe table at which the guest was seated on Colonel 
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THE FRENCH DOUCLAS 


An Unusual Bomber with Tricycle Undercarriage 


NE of the most unorthodox high-speed bombers now 
() in service is the Douglas DB7-B3 as delivered to the 
French Air Force. The prototype of this machine 
was laid down in 1936 by the Northrop Corporation 
(merged in the following year with the Douglas Aircraft 
Co.) as a private venture observation-attack aircraft. The 
idea, however, was shelved until early in 1937 when it 
was revived and finally, in January, 1938, the whole 
machine was redesigned to conform to a new specification 
issued by the U.S. Army Air Corps. A speed of 260 m.p.h 
was estimated for the redesigned version as fitted with 
Pratt and Whitney Twin Wasp Junior engines; this, 
although creditable on the power, was considered insuffi 
cient. By the following June the speed had been increased 
to over 300 m.p.h. by fitting the more powerful Twin Wasp 
engines 
Initial test flights were made in September, 1938, and the 
first machine was demonstrated to officials of the U.S 
Army Air Corps and to representatives of the French 
Government who were ‘‘in the market’’ for machines of 
this character Something of a political upheaval was 
caused when the machine crashed and a French officer was 
found on board. On February 15. 1939, a contract was 
signed by the French Government for a hundred machines 
but before the first production model was flown the design 
had again been modified and the fuselage redesigned t 
incorporate certain aerodynamic and structural refinements 
Modifications were also made to the tail surfaces, engine 
nacelles and tricycle undercarriage, and the results obtained 
from the alterations were so promising that the French 
placed two more orders for still larger numbers. Consider 
able orders have also been placed by the British Air 
Ministry for an improved version with more powerful 
engines’ It is claimed by the Douglas Company that the 
A section of the production line of Douglas DB7-B3s. Details 
of the tail attachment can be seen 


sales of DB7s were the largest ever made in America f 


one type of aircraft in so short a period 
Ihe aircraft has been designed so that it can be built 
stored and shipped in small, compact units Each half of 


or 










































the wing, for example, is made up of four separate sec 
tions, the fuselage of three and the tail unit of seven. It 
is pointed out that, besides simplifying shipment, this 
feature is extremely valuable in the event of damage as a 
complete unit can be speedily replaced, 

The Northrop plant (now known as the El Segundo 
Division of the Douglas Aircraft Company) was unable to 
deal with the orders and now only the fuselages are being 
built there, all other work, including wing construction 
and final assembly, being done in the main factory at 
Santa Monica. 

The Douglas DB7-B3 (three-seater bomber) is a shoulder 
wing monoplane with sharply tapered wings and a fairly 
deep, narrow fuselage with a characteristic sweep up from 
the bomb bay to the tail. The greater part of the nose is 
transparent and provision is made for two or four fixed 
machine guns firing forward through ports in the lower 
part of the nose. One free gun is carried on a shielded 
manually operated mounting on top of the fuselage and 
there may be provision for a second gun to fire through 
the floor downward and to the rear. The prototype 
had a rotatable turret but this seems to have been entirely 
abandoned. 

The engine nacelles extend tor about 


two feet behind the trailing edge Of the --------++---eeeeeeee: 


wing and house the rear wheels of the 
undercarriage in their raised position. 
Like the nose wheel, the rear wheels have 
a single oleo strut each; the nose wheel 
retracts rearward upward into the fuselage, 
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The somewhat unorthodox iayout of the DB-7 is well shown in this ground view. The machine illustrated was the first of the 
French order. 


Apparently the first machines to be delivered are fitted 
with Pratt and Whitney Twin Wasp R-1830 SC3-G engines 
These units have a normal rated output on 87 octane fuel 
of 900 h.p. at 2,250 r.p.m. at 12,000 ft., the maximum cruis 
ing output being 650 h.p. at 2,250 r.p.m, at 15,500 it 
The take-off rating is 1,050 h.p. at 2,700 r p.m. ; this is 
the ‘five-minute ’’ rated output for military use up to 
7,700 ft. the other maximum rating being 1,000 h.p. at 
2,800 r.p.m, at 11,500 ft. Hamilton Hydromatic fully 
feathering airscrews are specified 

It will be gathered from the accompanying illustration 
that there is a single tall fin and rudder of typical Douglas 
design and that there is a pronounced dihedral on the tail 
plane. A faired bulge below the tail protects the rear of 
the machine should it strike the ground. 

A crew of three is normally carried and the bombs ar 
stowed internally in the bottom of the fuselage. The 
possibility of employing the machine as a dive-bomber has 
been mentioned but no details have been released of anv 
diving brakes which may have been fitted. 

The DB7-B3 is obviously a formidable addition to the 
equipment of L’ Armée de I’ Airy in company with the Martin 
167F described in the last issue of Flight 











being covered when raised by hinged 
panels. 

The nose wheel undercarriage, of course, 
is typical of most recent Douglas designs 
and is claimed to offer a number of 
advantages for military operation. 


DOUGLAS DB-7. 
Two Pratt and Whitney Twin Wasp 


Engines. 

DIMENSIONS 
Span ... . ove «. 61ft. 4in 
Length wes ose — oe 
Height " ‘nt -» 15ft. 10in 


Wing area 464.8 sq. ft. 


Weicuts anp LoapINGs 


Weight, empty ven “ 11,400 Ib 
Disposable load = --- 3,630 Ib. 
Gross weight ... dee ... 15,030 Ib 


2.3 Ib./sq. ft. 
8.35 Ib./h.p 





Wing loading ... 
Power loading 



























3 PERFORMANCE 

; Top speed... sie ... 320 m.p.h 

: Cruising speed - 280 m.p.h. 
Service ceiling (one engine)... 17,000ft. 


Cruising range (approx.) 1,200 miles 
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The Messerschmitt Me _ 1o09R, 
present holder of the world’s 
speed record. 





An injormative survey oj prob- 
lems affecting the design of 
aircraft jor speed, based on the 
authors’ study of aerodynam- 
ics, has been made by Messrs. 
Frederick Flader and E. Rush- 
more Child, of the Curtiss aero- 
plane division of the Curliss- 
Wright Corporation, and pub- 
lished in “Canadian Avia- 
lion.” Thearticle, in modified 
form, is reproduced herewith. 


DESIGNING for SPEED 


How Fast Will Aircraft Fly in the Next Five Years ? 


HE world's record aircraft speed at present is 469.22 

m.p.h. achieved in a Messerschmitt Me 109 R over 

Germany on April 26, 1939. What maximum 
speed will be attained within the next few years and how? 
{n the accompanying chart are shown advances in speed 
with the passing years in successive speed tests, culminat 
ing in the present armament ‘‘race.’’ The authors have 
projected this graph to indicate the speeds which, as the 
result ot study and experiment, are believed to be possible 
within the next two to six years. The maximum speed 
tor 1946 is estimated at 560 miles per hour. 

The present record-holder is basically a fighter, and 
hence may be said to be the product of a different sort of 
‘race,’ the current one in armament. Its record is prob 
ably not the last which will be established by such a 
machine; it is certainly fair to state, however, that the 
speed record will never be set by a purely service aircraft, 
but a clean-up, cut-down version, with military equip 
ment omitted and with the engine arranged to give a 
‘flash "’ power far above its normal rating. It is reported 
that this record was made in such a special version of 
the Me 109 R, and that it was accomplished through the 
use of an unusual and extraordinary expedient. It is 
said that the air intake scoops for the prestone and oil 
cooling systems were removed and the openings faired 
over. A small amount of fuel was carried, sufficient only 
for the duration of the flight 

The remaining fuel tanks were equipped with cooling 
coils connected to the cylinder and oil cooling systems, 
and these tanks were then filled with dry ice. A cooling 
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blower was used for cooling the engine during the warm up 
on the ground, then the flight was made, using the dry 
ice as a cooling medium 

If this report be true, it is interesting to compute the 
horse-power necessary to make 469 m.p.h Favourabk 
assumptions are made that the machine was light, the 
wings were clipped, the aerodynamic design was as good 
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POWEF 


Fig. 1. Variation of speed with power 


us the best drag values herein presented for best current 
practice All drag for prestone and oil cooling was 
deducted and allowance was made for a gain in speed 
to the dive permitted by the rules. The record was made 
over a three-kilometre course The test was run under the 
F.A.1. rules, which require that the aeroplane fly pra 
tically level at a height of not more than 75 
metres while over the course and for an approach 
ame However, a maximum 
Pal | height of not more than 400 metres can be ob 
: tained during the flight 
If the course is flown at a height of 50 metres, 
it 1s possible to dive 350 metres, or 1,150!ft., betore 
levelling out at the start of the 500-metre 
approach. Designers have calculated the speed 
which can be gained by such a dive, and have 
shown that their calculations were checked very 
closely in flight. An upper limit is furnished by 
the fact that the increase in kinetic energy cannot 
exceed the loss in potential energy. Actually, 
the speed which can be gained is related in a 
rather complicated manner to the maximum 
negative and positive acceleration permissible in 
entering and pulling out of the dive 


due 


distance of 500 metres 





1920 1925 1930 1935 1940 


19:0 Igs'S 


1945 
Fig. 2. World records for maximum speed. 






























In the case of the Supermarine S6B, the loss in potential 
energy would have produced a speed increase of 61 ft. /sec 
if it could have been completely converted into kinetic 
energy. The pilot actually gained 25.5 ft./sec. in average 
speed over the course. (Calculations assuming 4 ‘‘G”’ 
acceleration in entering the dive and three ‘‘G’’ in pull 
ing out gave 24.5 ft./sec.) However, it is indicated that 
the machine was allowed to lose 50 m. altitude while 
traversing the three-kilometre course. This would not be 
allowed under the present rules. Investigations show that 
horizontal flight over the course would have reduced the 
gain from 25.5 to 22 ft./sec. This is 36 per cent. of the 
gain from the available potential energy. 

The potential energy available in the case of the special 
Messerschmitt is about 5,000 1,150=5,750,000 ft./lb. If 
we take the level speed as 456 m.p.h. = 669 ft. /sec., accord 
ing to calculation there will be an actual increase in 
average speed over the course of 0.36 (723—669) = 19.5 
ft./sec., or 13 m.p.h. A level speed of 456 m.p.h. should 
therefore suffice to equal the Messerschmitt record of 
469 m.p.h. 


The Daimler-Benz Engine 

The computation of horse-power required to attain 456 
m.p.h. at sea level under the above assumptions indicates 
that the Daimler-Benz engine rated at 1,175 h.p. was pro 
ducing about 2,150 horse-power during the few minutes 
required to fly the speed course. 

It will be noted that the present speed record is above 
the trend predicted by the authors. Substantiation for 
the belief that the present record probably does not indi- 
cate the direction of the trend line lies partially in the 
conclusions drawn from these design studies, and partially 
from the reputed advantage which the record-holder had 
as a result of its unorthodox method of cooling. The 
world record speeds plotted on Fig. 1 were all made near 
sea level, and presumably with “‘ flash’’ engine ratings 
and the amount of diving permitted by the rules. It is 
realised that the speeds estimated for the designs studied 
in this article are in a slightly different category, since 
they are obtained at height, with no increase above rated 
power, and without a diving start. 

Design A represents what is believed to be possible of 
accomplishment within two years. Design C-1, a ‘‘ super- 
powered ’’ machine, should raise the speed to approxi- 
mately 560 m.p.h. in six years. Beyond this, any pre- 
dictions are difficult and are made with considerable risk 
However, the authors are lured to enter their guess with 
others who have ventured to 
predict the maximum speed of 
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and in wing loading clearly show that not much is to be 
gained by increase in power alone. In the first series, 
shown by the lower curve, a 300 per cent. increase in 
power results in only 7.9 per cent. increase in speed. The 
upper curve with the same increase in power shows a 
16.8 per cent. increase in speed. 

The increase in weight and dimensions which accom- 
pany an increase in power demonstrate the efficiency of 
obtaining increase in speed by using larger engines 
Research directed toward lowering the weight of engines 
per unit output, improvement in aerofoils and other bodies 
for speeds approaching the speed of sound, the develop 
ment of materials of superior strength / weight ratios, and 
improvement in structural design efficiency, are fields in 
which more remunerative results may be obtained 

Rather than an approach to the subject in general terms 
or by a mathematical development, the authors decided 
to explore the high speed possibilities of the future by a 
study of an aeroplane design, with some systematic varia 
tions of gross weight, wing loading and power. The pre 
requisites for maximum speed are well established and 
most of the factors have been discussed by other authors 
These factors are listed here as a basis for the development 
of these design studies. 

The use of high wing loading; entirely enclosed power 
plant; selection of optimum airscrew, arranged as a 
pusher ; mid-wing and tail arrangement with elimination 
of unfavourable interference 

A cabin and windshield enclosed within the normal con 
tour lines of the fuselage; a finely streamlined fuselage 
shape ; smooth body, wing and tail surfaces with the sup 
pression of all excrescences, wrinkles, rivet heads and skin 
laps ; elimination of exposed scoops external to the normal 
contour lines of the aeroplane; elimination of exposed 
exhaust stacks; entire elimination of drag due to an im 
perfectly retracted landing gear; selection of an optimum 
critical altitude ; selection of best aerofoil section for the 
designed maximum speed. 

These concepts result in a basic design which has been 
designated Design A and shown on Fig. 3. Three other 
designs were developed for the purpose of surveying the 
effects of changes in size, power and wing loading. One 
cannot draw conclusions with entire validity concerning 
these effects by means of generalised equations and charts 
It is necessary by means of correct design proportions to 
take into account important considerations which the 
generalised approach neglects. It is for this reason that 
actual design layouts have been made in order to include 





the fastest machine This is 
done with the reservation that 
the prediction applies only to 
aircraft using conventional prin 
ciples of sustention and pro 
pulsion. Allowance is made for 
further reduction in wing area 
possibly with assisted take-off, 
for refinement in aerofoils, a gain 
at very high speeds through the 
use of oppositely rotating pro 
pellers, and some recovery of 
wasted energy from the exhaust 
and the radiator heat by obtain 
ing supplementary thrust on the 
jet-propulsion principle. The 
limitations due to compressibility 
are also taken into account 
This speed of the fastest aero 
plane is set at 560 miles per 
hour 

The results of the speed deter 
mination are plotted in Fig. 2 
The studies which were made 
for the purpose of surveying the 
possibilities of increases in power 


DESIGN D 


DESIGN C 


DESIGN B 


DESIGN A 



















Fig. 3. Reference Table I. 
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Fligh! ” copyright drawing 
ON REFLECTION the Hurricanes, and, tor that matter, all the Allied fighters, seem to have the Me’s, He’s, Do’s and Ju’'s 


perfectly ‘‘ buttoned up.’’ We illustrate what must be a common background to the reflector sight of a Hurricane 
doomed Ju 87 dive-bomber starting its last dive. 


;a 
Having only one rear gun, this single-engined Junkers stands little chance 
against the terrifying whip-lash of bullets from eight Brownings, though German pilots are making use of its diving capabilities in 


trying to escape. The more modern twin-engined Ju 88 is a somewhat tougher proposition but is by no means formidable 








the eflects of space requirements tor housing the pilot, the 
engines, ccoling system, fuel and oil tanks and the under 
carriage ; and the effects of the proportioning of the length 
of the fuselage, tail surface areas and other design factors 
which have important effects on performance 

In these designs all emphasis has been placed on speed 
The engine power selected for each design is based on avail 
able liquid-cooled engines 

The specifications of the four similar design studies 
shown by Fig. 1 are as follows 





fABLI 
4 - ” ( 
Gross, weight , It 6,000 15,800 
Power, h.p. 1,15 5450 
Wing area, sq. it 110 203 
Tail surface area, sq. ft 104 
Span, ft. ? 46.2 
Length, ft. 0.3 
Wing loading b4 
Stalling speed, m.p.h. “4 
Maximum speed, m.p.h lo 





A variation to this series has been investigated in which 
the Design A is retained as the basic design, and the land 
ing speeds of the remaining three are increased in pro 
portion to the sixth root of the gross weight. The first 
series has been proportioned on the basis of equal landing 
speeds. This requirement seems necessary if the landing 
distance over an obstacle is to remain constant regardless 
of the design of the machine The following series in 
which the wing loading and consequently the ianding 
speed go up is set forth on the assumption that an un 
limited landing space is available. Safety in making con 


40000) 


32000) 


| 
24000} 


ALTITUDE -FEET 





hectetl = 


300 40 x 
MAXIMUM SPEED-MPH 
Fig. 4. Optimum flight altitude (by Heinkel). 
tact with the ground and negotiating smal! surface 


irregularities is the only consideration. The particulars 
of these designs are as follows:- 


TABLE II 
\ A-1 b-1 C-1 
Gross weight, Ib 6,000 11,200 15,800 20,600 
Power, b.p. 1,150 2,300 4,450 4,600 
Wing area, sq. tt ‘ P 10 167.5 211 252 
Tail surface area, +q, !t 7 iT) 9.5 7 RY.5 
Span, it 28.5 4.( v2 42.6 
Length, ft 22.0 1o $6.55 ‘8.4 
Wing loading 54 67 7D &2 
Stalling speed, m.p.h. S4 93 ov 103 
Maximum speed, m.p.! 482 20 545 ais) 


Since the object of this article 1s investigation of maxi 
mum speed within the realm of possibility within the next 
few years, no consideration has been given to performance 
characteristics which ordinarily must receive attention 
other than speed and the ability to take off and land safely 
The stalling speeds given in Tables I and II, although 
not moderate, are considered sate tor a_ skilled pilot 
Assuming the use of existing and proven devices for high 
maximum lift a CL max. ot 3.0 has been selected and 
applies to all of the designs. This value has in tact been 
very nearly attained in machines now flying. This, com 
bined with the selection of as high values tor the stalling 
speed as are considered practical, result in very high wing 
loads. consequently low wing and tail areas, and small 
fuselage lengths. The resultant suppression of exposed 
surface is an important factor in obtaining maximum 
speeds. 
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Power Plant 

In so far as immediate possibilities are concerned, a 
liquid-cooled engine is considered best for maximum speed 
The design studies have been built around known American 
engines, selected so that equal increments of power increase 
are obtained in the series. The engines are entirely enclosed 
and located centrally in each fuselage, with the pilot in a 
forward position. In each aircraft of the series, twin 
pusher propellers are mounted behind the wing on either 
side of the fuselage. 
engines to the propellers is accomplished by the use of a 
remote drive arrangement. The transmission is so designed 
as to make a variable propeller drive speed possible The 
improvement in propulsive efficiency at maximum power 
and low forward speed would be utilised to maintain 
reasonable distances for the take-off run and climb over 
an obstacle 

The drag required actually to force air through the 
radiators which dissipate heat from the engine coolant and 
oil is only 3 or 4 per cent. of the total aircraft drag. Addi 
tional drag associated with cooling, caused by getting the 
air to the coolers and out again, is large in proportion to 
the useful work done In modern liquid-cooled installa 
tions this, combined with the cooling drag, may be trom 
8 to 15 per cent. of the total. This large additional drag 
is usually due to the use of externally projecting louvres 
or scoops to catch the air, and to imperfectly shaped con 
duits or ducts, perhaps incorporating complicated and 
tortuous bends, to guide the air to the chosen location of 
the coolers; thence, after more power-consuming changes 
in direction, the cooling air is discharged back into th 
external stream with additional disturbance to it 

The obvious way to reduce the total drag is to admit 
air into one opening only, then divide it internally into 
the several ducts leading to the points at which air is 
needed. The exit for the air should .by preference be at 
the trailing end of a budy, or at least must be carefully 
faired into the external stream The single opening should 
be located at a stagnation point on the aircraft, and s 
arranged as to cause as little disturbance as possible fron 
spillage. An ideal location for this opening should be at 
the nose of the fuselage, which is the position chosen for 
all of these studies. A careful summing up of the intake 
loss and pressure losses in the ducts indicates that th 
duct system drag need not be more than 2 of the cooling 
drag. The total cooling system drag should therefore be 
from 5 to 7 per cent. of the aircraft drag 

It is well known that serious losses in propulsive efficiency 
occur when the helical tip speed of the propeller blades 
the resultant of the torward and rotational speeds—ap 
proaches or exceeds the speed of sound. Obviously, when 
the aircraft itself is travelling at a high percentage of the 
speed of sound, such losses are very difficult to avoid 


+ 


Transmission of power from the 


Optimum Altitude 


Heinkel has shown that the optimum critica! altitude 
above 450 m.p.h. decreases with increasing speed due t 
compressibility. Fig. 4 shows Heinkel’s calculation of th« 
variation of optimum altitude with speed. Also there is 
a loss in propulsive efficiency with increasing altitude. For 
the very fast machine these factors dictate flight altitudes 
below those which are attainable by supercharging through 
the use of an exhaust-driven turbo or an equivalent device 

The optimum critical altitude for aircraft travelling up 
to 550 m.p.h. therefore appears to be the highest altitud 
that can be obtained by the use of an engine equipped 
with a direct-driven compressor In practical application 
this altitude, with ram, may be taken at 15,o00ft Extra 
supercharging is required to go much higher The com 
plication of devices to supply this additional supercharging 
are not justified until an altitude of about 25,000 or 
30,000ft. is reached, because the performance of the air 
craft would not be improved to any substantial degre¢ 
between 15,000ft. and 25,o00ft. by the addition of the 
supercharging apparatus, owing to the additional weight 
and drag of the supercharger and its accessories 

At 25,oooft. or above, the very fast aircraft is above the 
optimum altitude; at least considering the efficient us¢ 
of power 
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quipment of the Italian Air 


An obsolesc 
low perior 


anceuvrable nd strong 


water-coole« 


ing 600 h.p 


12.7 mm. SAFAT heavy 


through the 
ing, 16.6 ll 


10,¢ 


Now in pro 
is a develo 
pertormance 
Fiat A 74 I 
old liquid-c« 
the irmam 
Data: Spai 

climb to 


d compa©ratively 1deTNn Oow-wing monoplane cesizgn 1 ed 
\ mparatively modern |} ? l j fitted 


with a Fiat 


12.7 mm. synchronised SAFAT guns Optional additional 


armament 1 
the airscrew 
sharper tap 
* humped 


ing, 26.85 lb. /sq. ft.; top speed, 304 m.p.h.; climb to 19,68oft., 


4 


rhe fastest 
Air Force 
but is very 


attaining a speed of about 500 m.p.h. In “ intercepter "’ form 


it carries a 
increased or 
tu 1,500 Ib 
The engine 


ving-loading, 26.4 lb./sq. {t.; top speed, 313 m.p.h.; climl 


to 19, 


Duties: Fi 


One of the 
the Bred 


edge and th 
can be inst 


typical armament load is three fixed 12.7 mm. SAFAT guns 
ind one free gun of similar type With two Piagex 
P X1 RC go radials the machine is believed to have a top 
speed of something like 1 m.p.h Other data are Span, 
soit. roin.; climb to 16,400ft., 11 min.; ceiling, 27,85oft 


Duties: Dive-bombing and Ground Attack. 


Verv little is known about this single-seater twin-engined higl 


wing mono} 
brake flaps 
re fitted ar 
engines are 
in front of 
longitudinal 


Duties: Ground Attack, Light Bombing and Fighting. 


Although de 
Breda 65 18 I 
machine 

engines, but 


PM XC 40 u 


light or heavy SAFAT guns in the wings. Provision is made 
avy bombs or twelve smaller bombs (internally 


for four h 
stowed) or 
span, 39ft 
254 m.p.h 





at 16,400ft.; climb to 10,650ft., 15.5 min.; service 


1940 [car 


FIAT C.R.32. 
Duties: Fighting. 
ent single-seater which, despite its comparatively 
mance, distinguished itself in Spain Very 
is fitted with a Fiat A 30 RA 
1 high-compression unsupercharged vee unit giv- 
at 9,Sooit normal armament comprises two 


+ 








nachine guns synchronised to fire 
> airscrew art Data : Span, 28{t. 11in.; wing load 
»./sq. it.; top speed, 235-240 m.p.h.; climb t 


soit., 11 min.; service ceiling, 26,200! 


FIAT C.R.42. 
Duties: Fighting. 

duction for certain fighter squadrons this machine 
pment of the C.R.32 with a considerably higher 

Ihe chief difference is the substitution of a 
*C 38 two-row radial (840 h.p. at 12,450ft.) for the 
led engine rhe airscrew is a Fiat-Hamilton and 
ent two 12.7 mm. SAFAT synchronised guns 
1, 31ft. 10in.; top speed, 270 m.p.h. at 12,450!t 
19,650ft., 8 min. 40 sec.; service ceiling, 32,500!t 


FIAT G.50. 
Duties: Fighting. 
\ 74 RC 38 radial and normally armed with two 


s two wing-mounted 7.7 mm. guns firing clear of 


arc The centre section of the wing has a much 
er than the outer panels and the machine has a 
appearance Data: Span, 35ft. 2in.; wing-load 


min. 3 sec.; absolute ceiling, 35,400!t 


MACCHI C.200. 

Duties: Fighting. 
single-seater fighter now in service in the Italia: 
Ihe machine has finer lines than the Fiat G.5x« 
strong, having been dived for bout 9,8ooft., 


load of about o50 Ilb., but when the range is 
more ammunition carried this can be increased 
rhe normal armament is two 12.7 mm. guns 

is the Fiat A 34 KC 38. Data: Span, 34ft. du 


oSoft 6.5 min.; absolute ceiling, 33,o0o0ft 


BREDA 88. 
ghting, Ground Attack, Light Bombing and 
Reconnaissance. 





vost modern machines in the Italian Air Force, 
twin-engined shoulder-wing monoplane of 
rhe pilot is seated forward of the leading 
e gunner above the wing \ power-driven turret 
illed but this is not thought to be standard \ 


SAVOIA-MARCHETTI S.M.85. 


lane It is certain, however, that large divin 


shown lowered in the accompanying illustration 
' 

1 are lowered to 90 deg. for diving attacks The 

medium-powered radials and the pilot is seated 


the leading edge Ihe slab-sided fuselage has 
corrugations \ later type, the S.M.86 is said 
to have a higher performance 


BREDA 65. 


signed to be used as a single or two-seater the 
xormally employed as a single-seater ground attack 
The earlier machines have Gnome-Rhone K14 
later types have the Fiat A 80 RC 41 or Piaggio 
nits. In ground attack condition there are four 


160 fragmentation bombs Data: (Single-seater 
8in.; wing-loading, 21.14 lb./sq. ft.; top speed, 


ceiling, 25,90oft 
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CAPRONI (BERGAMASCHID A.P.1. 
Duties: Ground Attack. 
An obsolescent low-wing cantilever monoplane two-seater 
with a fixed undercarriage, the A.P.1 has an Alfa-Romeo 
125 RC 35 radial engine The normal armament comprises 
two fixed machine guns and one free gun in addition to 
internally and externally stowed bombs. It is thought that 
four fixed guns can be carried in all. The top speed can b 
little more than 210 m.p.h. and the ceiling about 24,500ft 
Data: Span, g2ft. 8in.; wing area, 258 sq. ft.; all-up 


weight, 5,130 | 


FIAT C.R.25. 

Duties: Bombing, Reconnaissance and Ground Attack. 
\ twin-engined low-wing monoplane, the C.R.25 is armed 
with two or four fixed guns in the nose of the fuselage and 
nother in a retractable turret on top of the fuselage The 
engines are of the Fiat A 74 KC 38 type ind a crew of three 
is normally carried. With the turret retracted the machine 
might easily be mistaken for a civil type due to the windows 
in the cabin Data: Span, 5:1ft. 10in s4ft. 3in 
lisposable load, 5,070 lb.; top speed at 14,500it 285 m 


ice ceiling, 30,S0oft 





SAVOIA-MARCHETTI S.M.81. 
Duti 





\n obsolescent three-engined bomber resembling the civil S 
transport imachine In several res les t Ge 
+ ] 


an Junkers Ju 52, but the 
lifferent. Engines are three Pi 








There are two SAFAT guns in a retractable Breda t t 

hind the pilot's cockpit and more in lower t 

Data: Span, 78ft. 8iin.; top speed, 210 m.p.h. at 9,85 
climb to 9,85oft., 12 min.; ceiling, 22,500!t 


SAVOIA-MARCHETTI S.M.79. 
Duties: Bombing and Reconnaissance. 








One of the most successful of the Italian bombers this thre 
engined machine is especially notable for its high 

ng ol over 5 ll sq. it Most of the machines in t n 

L\ the \lfa-Romeo 126 Re 4 engines Ie 
licence Use is made of Handley P. S 
flay here is one fixed 12.7 mm. gun, a similar gut 
flexible mounting on top of the fuselage nd thir 

vlow the fuselage Data: Span, 66ft in weight | 

,l00 !b.; top speed, 270 m.p.1 it «=12,450!t l to 

13,000ft., 13 mur 20 SEC.; SeTVKK elling yoott 
FIAT B.R.20. 
Duties: Bombing and Reconnaissance. 

A widely employed twin-engined monoplane, the B.R.20 is 
immed with one 12.7 min. gun in a powere Kreda nose turret 
two similar guns in a retractable turret on top of the 

iwe; and another gun in position beneath the fuselage 
Ihe engines are 

oo H.p. at i t 
braced fins are 1] l- 
planes. Data: Span, 7oft. 6in.; wing-loading, 28 Ib }. ft 
top speed, | 1ooft.; climb to 16,400 ft . I 

liffers in detail desigr 





CAPRONI Ca 135. 
Duties: Bombing and Reconnaissance. 


[This twin-engined mid-wing monoplane is believed t e 
largely superseded by the Ca 135 bis, from which it 
mainly in the type of engine fitted. It has two water~ d 


Isotta Fraschini Asso X1 RC 4o vee-twelves giving 900 


each at 14,750it \ 12 mm. gun witl limited are 
is fitted in the nese @nd there are retractable turrets 
nd below the fuselage Data: Span, 61ft.*8in wing 
ng, 25.2 lb./sq. ft.; top speed, 265 m.p.h. at 16,400ft 

to 9,550ft., 9 min. 20 sec ibsolute ceiling, 26, 200ft 


CAPRONI Ca 135 bis. 
Duties: Bombing and Reconnaissance. 


This aircraft is generally similar to the Ca 135 except in the 
matter of engines These are Piaggio P X1 RC 4os, giving 
1,000 h.p. each at 13,100/!t The wing is of wooden construc 


tion but the fuselage is of mixed construction, the nose being 


of monocoque and the middle and rear sections of welcde 
steel tube The Piaggio radials give the following rf 
ance Top speed, 273 m.p.h.; climb to 13,1ooft., 1 


53 take-off run, 380yd 
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PIAGGIO P.32 bis. 


Duties: Bombing and Reconnaissance. 
4 short-span mid-wing monoplane with radial engines, this 
machine is a direct development of the Piaggio P.32 which 
had water-cooled Isotta-Fraschinis. Perhaps its most 
striking feature is its short span in relation to the all-up 
weight The exterior guides for the double trailing-edge flaps 
ure also characteristic. There is a gun turret in the nose 
und additional guns above and below the fuselage. Data: 
Span, 59ft.; wing-loading, over 32 lb./sq. ft.; all-up weight, 
20,400 lb.; top speed, 264 m.p.h. at 16,400ft.; climb t& 
13,1001t., 15 muin.; ceiling, 26,200!ft 


CANT Z.1007. 
Duties: Bombing and Reconnaissance. 
A three-engined cantilever mid-wing monoplane built entirely 
of wood, the Z.1007 was designed by Signor Zappata, who 
was at one time with the Bleriot concern. The machine is 
of entirely wooden construction and is fitted with Isotta 
Fraschini liquid-cooled engines, whereas the 1007 bis has 
radials The armament comprises four 12.7 mm. SAFAT 
guns, including one above and one below the fuselage, firing 
to the rear. An interesting technical point is that, despite 
the fact that the engines are liquid-cooled, the cowling is 
such that they may easily be mistaken for radials 


CANT Z.1007 bis. 
Duties: Bombing and Reconnaissance. 
Differing from the Z1007 in that it has Piaggio P XI RC 40 
two-row radials, the Z.1007 bis is otherwise believed to be 
similar As in the previously mentioned machine, the main 
bomb load is stowed internally, though there are also wing 
racks. Data: Span, 8S1ft. 5in.; length, 6oft. 5in.; stalling 
speed, 84 m.p.h.; climb to 13,120ft., 10 min. 30 sec 


CAPRONI Ca 310. 


Duties: Bombing, Army Co-operation and General Colonial 
Work. 
Built by the Bergamaschi concern and often known as the 
Libeccio, this machine, in addition to undertaking the duties 
listed above, can be used as an advanced trainer. It was 
the forerunner of the Ca 311 and 312 designs Two Piaggio 
P VIL C 16 7-cylinder radials are fitted and the armament 
is two or three 7.7 mm. machine guns. A light bomb load 
can be carried. Data: Span, 53ft. 1jin.; top speed, about 
200 m.p.h.; climb to 13,o00ft., 20 min 


CAPRONI Ca 311. 
Duties: Bombing and General Purpose. 

Little data has been released on the Ca 311, but it is similar 
to the Ca 312 seaplane except that it has a retractable land 
undercarriage instead of floats There is a semi-retractable 
turret on top of the fuselage approximately over the centre 
of gravity and a large glazed cabin and transparent nose of 
good streamline shape. The pilot has a fixed gun. While 
no performance figures are available, it may be assumed from 
the fact that the Ca 312 seaplane is capable of 248 m.p.h 


that the top speed is about 255 m.p.h rhe span is 53ft 
Iwo Piaggio P.XVI nine-cylinder radials are believed to be 
fitted. These units give an output of 650 h.p., at 11,500ft 


MERIDIONALI Ro 37 bis. 

Duties: Army Co-operation. 
A two-seater dual-control biplane fitted with a Piaggio 
P X RC 4o radial engine in a long-chord cowling. Arma 
ment consists of two fixed synchronised SAFAT 7.7 mm 
machine guns and another similar gun on a movable mount 
ing in the rear cockpit Data: Span, 36ft. gin.; wing- 
loading, 15.8 Ib./sq. {t.; top speed, 205 m.p.h.; climb to 

19,680ft., 16.5 min.; service ceiling, 23,600ft 


CAPRONI Ca 133. 

Duties : Colonial General Purpose. 
An obsolescent three-engined monoplane which was used ex 
tensively in the Abyssinian campaign It is a high-wing 
strut-braced machine with a fixed spatted undercarriage 
The wings are of constant chord and have rather square-cut 
tips Three Piaggio Stella ‘11 RC engines are fitted, driving 
three-bladed variable-pitch airscrews. Data: Span, 6oft. 8in.; 
top speed, 160 m.p.h.; wing-loading, 20.4 Ib./sq. ft.; climb 

to 16,400ft., 21 min.; ceiling, 21,300ft 


CAPRONI GHIBLI. 
Duties : Colonial General Purpose. 
\ low-wing cantilever monoplane with fixed spatted under- 
carriage Two 200 h.p. Alfa-Romeo A-115 engines are fitted, 
iriving c.p. airscrews, and there is a fairly roomy cabin and 
bombing position in the nose. Provision is made for the 
installation of two 7.7 mm. machine guns, wireless, camera, 
etc Data : Span, 53{t. rjin.; wing-loading, 14.96 lb./sq. ft.; 
top speed, 158 m.p.h.; climb to 9,84o0ft., 17.5 min.; service 
ceiling, 14,76oft 


























CAPRONI Ca 111. 
Duties : Colonial General Purpose. 
\ single-engined high-wing monoplane with an _ Isott: 
Fraschini Asso 750 RU eighteen-cylinder water-cooled engin 


driving a three-bladed variable-pitch airscrew The wings 


are built of wood, with fabric covering, and the fuselage an 
tailplane are steel tube structures covered with fabric The 


} 


Ca 111 can be used either as a landplane or seaplane; 


a landplane it has a fixed spatted undercarriage Data : 





Span 64ft. 7in.; wing-loading, 13.9 lb. /sq. {t.; top speed, 1s 
m.p.h.; climb to 9,80o0!ft., 14.5 min.; ceiling, 21,300!t 


CANT Z.501. 
Duties: Bombing and Reconnaissance. 
\ single-engined four-seater flying boat, the Z.501 has a fairly 
strong defensive armament, there being one free machine 
gun in the front cockpit and another hali-way down the hull 


on a screened mounting There are two more guns in a 
cockpit behind the engine nacelle The engine is an Isotta 
Fraschini Asso XI RC 15 of 840 h.p. Data: Span, 73{t. 1oin 

wing-loading, 23.2 lb./sq. ft top speed, 170 m.p.h.; climb 


to 13,120ft., 160 min 


CANT Z.506B. 
Duties: Bombing, Torpedo-Dropping and Reconnaissance. 
A three-engined float-seaplane, built entirely of wood, with 


the exception of the floats which are of light alloy It is 
a mid-wing monoplane and, although three-engined, has a 
prone bombing position in the nose just aft of the centre 
engine Ihree 770 h.p. Alfa-Romeo 126 RC 34 engines are 
fitted here are two gun positions (12.7 mm.). One above 


and one below the fuselage aft of the wing. Data: Span, 
S6it. I1in.; top speed, 236 m.p.h.; wing-loading, 28.9lb/sq 


ft.; climb to 13,100ft., 16 min.; service ceiling, 26,o0oft 


SAVOIA-MARCHETTI S.55. 
Duties: Bombing. 
An obsolescent flying boat, generally similar to those which 
flew from Rome to Chicago in 1933. It is a twin-hulled boat, 


with two Fiat A-24K engines mounted in tandem above the 
wing. There are gun mountings in the nose and tail of each 


hull and bombs or a torpedo are carried between the hulls 
Data: Span, 7o9ft. 11in.; wing-loading, 16.9 lb./sq. ft.; top 
speed, 146 m.p.h.; climb to 9,84oft., 23 min.; ceiling, 13,776ft 


range, 2,174 miles 


CAPRONI Ca 312 bis and Ca 312 IS. 

Duties: (Ca 312 bis) Bombing and Reconnaissance; 
(Ca 312 IS) Torpedo-dropping and Reconnaissance. 
joth these machines are floatplanes and have been developed 
from the Ca 310, or Libeccic Ihe types are alike except 
for the fact that the Ca 312 bis has bomb-release gear insick 
the fuselage in place of torpedo crutches A crew of three i 
carried: Pilot, observer | wireless operator-gunnet There 
i mm. fixed gun and a similar gun in a revolvin 
turret on top of the fuselage The engines are 9-cylinder 
I 
1 





Ss one 


jaggio P XVI 16s, giving a maximum of 630 h.p. at 
1,4501t The Ca 312 bis is claimed to have 1 top speed 
of 248 m.p.h. and climbs to 13,100ft. in 13 min Its ceiling 


is 10,650!t 


MERIDIONALI Ro 43. 
Duties : Shipboard Reconnaissance. 
The Ro 43 is a two-seater central-float biplane with folding 
wing, designed for operation from ships. It is stressed for 
catapult launching, and dual control is provided \ Piaggio 
> X R radial air-cooled engine is fitted and armament con 
sists of one 7.7 mm. SAFAT gun firing through the airscrew 
ind another similar gun in the re cockpit. Data: Span, 
35{t.; wing-loading, 14.7 lb./sq. {t.; top speed, 187 m.p.h.; 
climb to 16,400ft., 15.5 min.; service ceiling, 21,500ft 





MERIDIONALI Ro 44. 

Duties : Shipboard Fighting. 
\ single-float biplane fleet fighter designed for catapult 
launching Iwo 12.7 mm. SAFAT machine guns are 
mounted, synchronised to fire through the airscrew An 
adjustable tailplane is fitted and the stabilising floats are of 
wooden construction \ Piaggio P X R radial engine of 
700 h.p. is fitted. Data: Span, 38{t.; wing-loading, 13.6 
lb./sq ft.; top speed, 190 m.p.h.; climb to 16,g00ft., 12.5 

min.; service ceiling, 23,o0o0ft 
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The Messerschmitt Me 1o9. 

This type was flown in Ger- 

many by Major de Seversky, 

but is considered inferior to 
the Spitfire. 


Camel, Bristol Fighter and 
S.E.5.—Eb.), all these being 
fighter aeroplanes, because it 
is in the fighter machines 
that the measure of 
superiority in the air lies. 

It was the fighter aero- 
planes which in the bad days 
of 1917 — when Tzarist 
Russia was _ desperately 
struggling against the neces- 
sity of concluding a separate, 
dishonourable peace — en- 
abled the Russian air force to 
strike at the enemy from the 
air, by swift raids over the 
Gulf of Riga. Our pursuit 
machines directed’ the 
bombers, making way for 
the latter to go and drop 
their explosives. These 
machines were Nieuports and 
Spads constructed in Russia. 
Our bombers were aeroplanes designed by Dimitri 
Grigorovich. 

The experiences I had during the first world war were 
reflected in the plans for the aeroplanes I constructed later 
in the United States. I believed, and the events of the 
new war seem to justify my belief, that fighter machines 
not only require speed and manceuvrability, but also must 
possess a good range. It is a source of natural satisfaction 
to me that a long-range Seversky holds the East-to-West 
transcontinental record of ten hours and three minutes, 
and that other Seversky machines should have won the 
Bendix Trophy three years running. Before engines had 
attained their present tremendous power I was so greatly 
interested in increasing the range of military machines that 
I devised a petrol feed system which formed the basis of 
vast experiments continued by the Air Services of the 
United States. 

Now it is of interest to observe the efforts made by the 
European belligerents to increase the range of their fighter 
aircraft. Their ‘‘interceptors’’—a misnomer, since their 
duty is to intercept the enemy at a considerable distance 
from their own bases, and not immediately above the objec- 
tive of the enemy—lack the stability necessary for the 
task they have to perform. Their fighting machines used 
for protection cruises may well be able to fight for 30 
minutes or so over the public utility plants or munition 
factories it is their duty to defend, but their interceptors 
must be provided with great radius of action, and it is only 
now, when the struggle is starting among them, that the 
nations are giving the fighters of that class the possibility 
of showing their prowess. The Messerschmitts, the Spit- 
fires, the Hurricanes, the Dewoitines, the Moranes and the 
Koolhovens have been redesigned in the keen desire to 
achieve superiority in the air. The Germans are pushing 
the production of a new Heinkel and that of the twin 
engined Messerschmitt Me 110. One of the new Messer- 
schmitts recently cruised over London, with sufficient fuel 
in its tanks to return to its base. (Really !—Ep.) 

What the Germans intend to do with their twin-engined 
fighter aeroplane remains to be seen from the further pro- 
gress of the war. 





Flying the Spitfire 

It was my good fortune, last summer, to spend a month 
at Martlesham Heath, the Experimental Station of the 
British Air Force. The Government had the courtesy to 
make an exception in my favour, and I am the only 
foreigner who has had an opportunity of flying a military 
machine. I was able to find that the Spitfire is the best 
fighter aeroplane at present in service. But it has not the 


Cc 





easy accessibility for maintenance possessed by the Messer 
schmitt, and in inverted flight the Rolls-Royce engine cuts 
out (?). The Messerschmitt, on the contrary, remains per 
fect in any flying position. (An advantage of direct in 
jection.—Ed.) 

In the course of one hour's flight I found that‘at about 
500 km./h. (310 m.p.h.) the ailerons became so hard that 
both hands were needed to move them. I had experienced 
the same drawback in the construction of the P-35, and I 
made a few suggestions to the Experimental Station to 
correct that defect. Flying under an unusually overcast sky 
at 5,500 metres (18,o00ft.) I subjected the Spitfire to 
manceuvres calculated to bring its: qualities in evidence 
With the variable pitch airscrew the machine was sluggish 
at the take-off, and, incidentally, offered but very little 
visibility. But on picking up speed it climbed very well 

Visibility in flight was excellent, apart from a slight dis 
tortion in vision due to the transparent circular screen made 
of plastic material. I took a measurement of the relative 
speed, and the figure found was 660 km./h. (410 m.p.h.) 
at a height of 4,900 metres (16,o00ft.). (From his remarks 
on the take-off, the shape of the screen and the speed 
attained it seems that the author flew an experimental! 
version and not a standard machine.—Eb.) 

I am sure that an increase in speed of a few kilometres 
per hour would still be obtainable. In the roll, the normal 
spin, and the ‘‘ grand turn ”’ (sic. ?) the fuel was running in 
streams, and some time was required for the engine to 
recover. The machine was stable when speed was reduced, 
and perfect in landing. However, owing to the small area 
of the wings and the cleanness of design, the gliding 
angle is not very steep, and this precludes landing on a 
small field with tall obstacles. 

Forecasts are always dangerous in this world of sur- 
prises, particularly so in wartime. But I may venture to 
express the opinion that, if the European holocaust con 
tinues, the only military machines that will remain in the 
air in the daytime will be long-range pursuit aircraft. In 
the first world war pursuit machines were used not only for 
fighting, but also for photographic and reconnaissance 
work. The other types, too slow for the fights which were 
the order of the day, were simply struck off 

I think that bombing forces in this war will confine their 
operations to the hours of the night or to those when bad 
atmospheric conditions prevail, unless, I hasten to state, 
one side or the other decide to stake everything on a 
tremendous aerial offensive in an effort to end the conflict 
at one stroke. 

One of the Supreme Commands, perhaps, will gain the 
conviction that the game is worth such a risk. 
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GETTING 
TOGETHER 


HESE new pictures, specially taker 
in France for Flight, show tha 
the co-operation between the Roy 
Air Force and L’ Armé« 
l’Air has more than 
purely military signi 
cance Many a valuec 
friendship has grown « 
of visits by our machine 
to French aerodromes and 
vice versa, and great 
the rivalry between 
British and French fighter 
squadrons as to thy 
number of enemy aircraft 
brought down 
Of late there has not 
been so much time for th 
exchange of courtesies 
but in the earlier days of 
the war the French fighter 
pilots considered that on 
of the finer features of the 
Curtiss H75-C1 was _ its 
spacious luggage locker, 
which enabled them to 
slip over to a neighbour 
ing aerodrome with " 
bottle or two to celebrate 
a victory 








(Top) One of the obso- 

lescent French Amiots 

with a Fairey Battle in 
the background. 


The second view shows 
Morane MS 406 fighters 
parked near Battles 
during a _ co-operation 
exercise. 


Left) British and French 
officers compare notes in 
the operations room. 


Below is a morning 
gathering round a Battle 














HE design ot single seate! 

fighters in Italy has for several 

vears followed a clearly defined 
course which has necessitated the 
sacrifice of speed to manceuvrability 
ind rate of climb. In consequence of 
this policy designers hesitated to 
tbandon the biplane structure in 
ivour of the monoplane, and Fiat 
C.R.42 biplanes are, in fact, in quan 
tity production in addition to th: 
Fiat G.50 and Macchi C.200 mono 
planes Other characteristics which 
an be traced directly to the insistence 
on manceuvrability are the mounting 
of the armament in the fuselage and 
the present partiality for air-cooled 
radial engines, though in the latter 
connection it must be remembered 





A Flight artist visualises an attack by Fiat G. 50s on a Blenheim. The G.50 is little faster than the Bristol bomber 


TALIAN SINGLE-SEATERS 


Handy Fighters : _ 


Standardisa 
12.7 mm. Guns 


Now Favoured large-bore machine uns (Bre 


By H. F. KING 


fuselage ind synchronised to fire 

through the airscrew ari It is con 
that the obsolescent Fiat C.R.32, the sidered that although the svnchroni 
best known of all Italian fighters, has ng gear prohibits a very high rate of 
1 water-cooled power plant Good fire, the dispersion of the bullets is 
vision for the pilot has been secured less than with wing mountings and. as 
in the monoplanes probably at the ex ilready inferred, manceuvrability is 
pense of performance The demand not ailected by outboard masses 
for a wide field of vision in these Some of the C.R.32s used in Spain 
machines may have been prompted by were equipped with two 7.7. mm 
the inferior outlook from their biplane wing-mounted guns in addition to the 


predecessors 




















the matter of armament and in 


tion on several other respects, the Italian 
hghters follow American practice 
. Radials rhe standard armament of ever 


Italian single-seater fighter is tw 


SAFAT 12.7 mm mounted in the 


vynchronised large bore weapons 
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The disposition of equipment and armament on the Fiat C.R.32 fighter is 
shown in this drawing. It wiil be seen that the twin 12.7 mm. guns are 
housed beneath the top cowling. 





The front views on the left are approximately to scale. They are, from top to bottom 
C.R.32, C.R.42, G.50 and C.200. 





After fighting had been experienced, 
however, the wing guns were dis- 
mounted, it being considered that they 
gave insufficient fire power counting 
the loss of manceuvrability due to 
their outboard position. 

The Breda SAFAT gun is an air 
cooled belt-fed weapon for which a 
variety of ammunition has _ been 
developed. It is said that explosive 
bullets are available, though in this 
connection it must be remembered 
that some ballisticians are _ still 
sceptical regarding the claims for the 
Browning F.N. 13.2 mm. bullets. In 
any case these latter projectiles— 
larger than those of the Breda SAFAT 
—are generally considered the smallest 
practical size for use with explosives 

Some of the SAFAT guns have cir 
cular perforations in the barrel casing 
while others have slits. Incidentally, 
the large-bore American Browning 
MG 53 is now being produced with 
Prestone cooling in view of the 
enclosure of the barrel in modern 
installations and the high rate of fire. 
It may be safely assumed that the 
12.7 mm. guns weigh at least twice as 
much as the 7.7 mm. model also used 
by the Italian Air Force. 

Precise data on the 12.7 mm. Breda 
SAFAT gun are not available, but it 
is believed that its rate of fire is about 
800 rounds a minute and the muzzle 
velocity approximately 7oo m./sec. 
This high velocity and the flat trajec- 
tory allow the Italian fighter pilots to 
open fire at somewhat longer ranges 
than would be possible were their 
machines equipped with wing 
mounted rifle-calibre guns, and it is 
reported that in Spain the C.R.32s 
were firing from over 600 yd 

Long-range fire, of course, is largely 
dependent on the accuracy of the gun 
sight. The C.R.32s carry tubular 
optical sights similar to the British 
Aldis and auxiliary ring and bead 
sights. Reflector sights are fitted to 
the latest machines. Rounds counters 
are standardised and __rear-vision 
mirrors are sometimes carried 

The current = standard Italian 
fighters—Fiat C.R.42, Fiat G.50 and 
Macchi C.z00—not only have identical 
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FIAT C.R.32 (Fiat A 30 RA). 





ITALY'S STANDARD 
FIGHTERS 


These “ Flight" copyright drawings are 
approximately to scale 


FIAT C.R.42 (Fiat A 74 RC 38). 


MACCHI C.200 (Fiat A 74 RC 38). 
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ITALIAN SINGLE. | 
SEATERS (CONTINUED) 


————_ 





fire extinguisher and electric he iting 
for the pilot 


Three Macchi C.200 fighters straight off the production line. It is not thought that DATA 


many of these machines are in service. S; 


armament, but the engine is the same 
in each case. The chosen unit is the 
Fiat A 74 RC 38 14-cylinder two-row 
radial which has a displacement ol 
about 1,907 cu. in. and an output of 
840 h.p. at 2,400 r.p.m. at 12,450 ft 
The overall diameter of this engine 
which gives a_ sea-level output ofl 
870 h.p. at 2,520 r.p.m. IS 47.041n 
and the compression ratio 6.7:1 At 
maximum power the fuel consump 
tion is claimed to be 0.495 lb. per 
h.p./hr.; the cruising consumption is 
given as 0.507 lb. per h.p./hr A 
constant-speed airscrew of Hamiltor 
design and Fiat manufacture is stan 
dardised for this engine 


Fiat C.R.32 

It is the Italian custom to include 
the designer's initial in the designa 
tion ot military’ aircraft Thus 
‘*C.R.32°’ stands for Caccia Rosatelli 
Model 32. Signor Rosatelli has been 
responsible for a lone line of fighters 
and single-engined bombers, all of 
strikingly similar appearance due to 
the use of Warren girder type inte 
plane bracing The first C.R. fighter 
appeared in 1923; it had a 300 h.p 
Hispano engine and was very fast for 
its time, attaining over 160 m.p.h 
The C.R.2z0 of 1926 had a 400 h.p 
Fiat and was nearlv 10 m.p.h. fastet 
Four machine guns were fitted [he 
installation of a more powerful Fiat 
engine caused the machine to be 
designated C.R.20 bis In 1933 the 
C.R.30 with Fiat A 30R engine ap 
peared This machine did about 230 
m.p.h. and weighed 4,o4o0lb Che 
famous C.R.32 appeared about 1934 
at about the same time as the experi 


The Fiat A 74 RC 38 radial (above) is 
standardised for current Italian fighters. 


Right) The Breda SAFAT gun. The 

type shown has a slotted barre! casing ; 

other models, most generally used, 
have circular perforations. 


an sift. 2in 
Length ‘ 24ft. Sin 
Wing area : -. 237.8 sq. ft 
: . Weight empt - ? 805 
Rhone Kr4 radial engine and the top ’ Tye ++ <A Ib. 
he | | of th Disposable lcad -- 41,155 1b 

o . . » j 
wing on 1€ level of the sop ony ron Weight loaded .. ; 3,960 Ib. 
Che C.R.33 of 1935 was similar to the Wing loading ; 16.6 Ib./sq. ft. 
32 but had a Fiat A 33 engine and a Top speed .. 240 mp.h 
spec d ot 250 m Pp h L itest addition Climb to 19,.650ft o° il min. 
to the Rosatelli series is the C.R.42 Service ceiling 26,200ft 
which wil! be described later 

lhe wings of the C.R.32 are of light Fiat C.R.42 
ulloy and steel with fabric covering [he Fiat C.R.42 has been developed 
ullerons being fitted to the top wings from the C.R.32, but has a more 
only [he top wing is in two halves powerful engine The wings are built 
joined at the centre and the lower iround two duralumin box spars and 


wings a 


mental C.R.40 which had a Ghéme 


e attached direct to the the ribs are made up from square sec- 


' 

I fus oF longs ns f Tr lu ] Y ‘ ; 
bottom fuselag _ longeron Warr n tion duralumin tubing Covering is 
type interplane bracing is used Che part metal and part fabric Ailerons 
fuselage is a normal rectangular light statically and dynamically balanced 


} 


illoy structure with steel fittings ire mounted on the top wings only. 
, 


faired with light alloy formers and Warren type int rplane strutting is, of 
stringers, the whole structure with the course, a feature 
exception of the engine cowling being The fuselage is i triangulated 
fabric covered welded steel tube structure faired to an 
The tail unit has a fabric covered oval section by means of formers and 
metal framework; the tailplane is stringers Ihe forward portion is 
adjustable and rudder and elevators covered with metal sheeting and the 
are balanced. The undercarriage is of aft section with fabric Chere is a 
the divided type with long-stroke oleo reinforced bulkhead in the nose at the 
legs attached to the top fuselage point where the engine mounting is 
longerons. Steel tube axles and radius bolted on [his mounting of welded 
rods are hinged to the centre line of steel tubing is attached to the fuselage 
the fuselage underside and the wheels by four bolts 
ire enclosed in light metal fairings rhe tail unit is a fully cantilever 
Hydraulic wheel-brakes are fitted and metal structure the fixed surfaces 
l being metal-covered and the movable 
The power plant of the C.R.32 is an surfaces fabric-covered The elevators 
unsupercharged Fiat A 30 R.A. twelve and rudder are statically and dynamic- 
cvlinder Ve water-cooled engine ally balanced and trimming tabs are 
developing 550 h.p. at 9,84oft I he fitted 
radiator is mounted beneath _ the rhe fixed undercarriage is of semi- 
engine in the extreme nose of the cantilever type, the main legs hav ing 
machine and a tubular oil cooler is F.A.S.T. type oleo-pneumatic shock 
incorporated in the top casing ibsorbers Each leg and wheel is en- 
Equipment includes oxygen gear closed in a streamlined fairing 
Fiat A74 RC 38 radial engine is 
It drives a Fiat-Hamilton 
bladed constant-speed airscrew 


there is a swivelling tail-whee 


nd is housed in a Magni cowling 


DATA 
Span shit. 10m 
Length 7 1! 
Disposable load 
Top speed at 13,000ft 
Climb to 19,500ft 


Service ceiling 32.600 


Fiat G.50 
[he Fiat G.5o0 is a low-wing mono 
plane fighter, designed by Signor Gab 
riclli. The wing is built in three parts: 
1 tapering centre section, carrying the 
optional 7 mm. guns and undercar- 
riage ind two oute panels rhe 
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need aircraft wireless servicing — 
and Marconi's still give it. In all 
parts of the country, in any emer- 
gency, at any time, the services 
of our skilled technicians are 
available now as always. How- 
ever short the notice, they will 
be there when they're needed. 


Let us know about the need. 


MARCONI'S 


WIRELESS TELEGRAPH CO. LTD., LONDON, W.C.2 
Telephone: Temple Bar 4321 (London). or Chelmsford 314] 


Designers and manufacturers of wire- 
less apparatus for military, naval, 


marine and air communication, including 


mobile and fixed aids to navigation. 








This speedy system of 
riveting, where only one 
side of the job is available, 
has been perfected over 
many years. 


It is now used exclusively 
by the leading Aircraft 
Constructors, Serviceand 
Repair Units in Great 
Britain, British Empire, 
France and other 
countries. 


* 
Ask our Development Stzff 
to investigate its applica- 
tion to your Blind-Riveting 
problems. 


CHOBERT 
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PATENTEES— 
BRING US YOUR 
INVENTIONS! 


We are glad to consider the financing 
and marketing of inventions which 
have been patented. 

Bona fide propositions are given 
sympathetic consideration. Please send 
particulars by letter. 


AUTOMATIC RIVETERS 


AVIATION DEVELOPMENTS 
WELWYN GARDEN 
Telephone : Welwyn Garden 3205/6. 





Telegrams : AVIDEV, WELWYN-GARDEN-CITY 





LTD., 7 WOODFIELD ROAD, 
CITY, HERTFORDSHIRE 
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Bla ckburn 
AIRCRAFT 


BLACKBURN SKUA FITTED WITH A BRISTOL PERSEUS ENGINE 
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Toil Wheel 


—— 








_ These are a few of the types of 
fixed or retracting» tail \wheels 
produced by Messier. Al! are 


light, shimmy-free, and have, per- 





fect shock ‘absorbing. properties. 








RUBERY OWEN MESSIER LTD. LIVERPOOL ROAD WARRINGTON 











WILKINSONS 


(BRADFORD) 


SEPARATE FACTORIES 
ENTIRELY SELF-CONTAINED 
FULLY EQUIPPED WITH MODERN 
WOODWORKING MACHINERY 
800 EMPLOYEES 
APPROVED BY THE A.I.D. 


Enquiries Urgently Required 


Contractors to the Air Ministry, Ministry 
of Supply and H.M. Office of Works 


HALL LANE - BRADFORD 


one: 9504 (4 lines) 


MONK HILL - PONTEFRACT 


one: 73 & 74 
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RECOGNITION OF MERIT... 


Important recognition of the merits of the Bell Airacobra P-A00 Interceptor Pursuit Airplane 


is found in its acceptance by the Anglo-French Purchasing Board. A quantity order has been 
placed to provide the Allies with the outstanding advantages of the Airacobra’s striking power. 
As part of the United States air defense program, the Bell Airacobra P-39 is in production 


for the United States Army Air Corps. 


BELL 
AIRCRAFT CORPORATION 


Als r M.- oT o1 Ai 
so manufacturers of the FM-1 twin engine Airacuda BUFFALO. N. Y.. U.S.A. 


Multi-Seater Fighter for the U. S. Army Air Corps. 
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CROYDON POINTS 


HERE the use of auxiliary 

power service is concerned 
we can lay claim to a certain 
specialised knowledge both in the 
~rarctasre sign and manufacture of light- 
raucuassis weight electric motors. We have 
attempted to show in diagrammatic 
form the many applications of 
our motors to modern aircraft 
requirements. May we _ have 
the opportunity of placing our 
specialised experience in_light- 
weight motors at your disposal ? 









FLAP 
OPERATION 





RETRACTABLE 
UNDERCARRIAGE 














GENERATORS 


PETROL 
PUMP 





OPERATION 






BOMB DOOR 
OPERATION 
ON BOMBERS 







Further information on 

the application of Croydon 

Motors to aircraft is con- 

tained in our Publication 
T. 1822 


CROYDON ENGINEERING CO., LTD., COMMERCE WAY, PURLEY WAY, CROYDON. Telephone: Croydon 4125/8, 
Pitchford: 

































FEATHERING 
AIRSCREWS 


Agnes Road, The Vale, London, W.3. LTD. 
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MANUFACTURING COMPANY LIMITED 


When the Pilgrim Fathers sailed from Plymouth in 1620 they 
were driven away by persecution to make history in a new 
world. 

England is making History now, and our products are well 
represented in the leading makes of Aircraft. 

We specialise in Undercarriage Oleos ; Tail Wheel Units ; 
High-pressure Hydraulic Pumps ; High-pressure Retraction 
Mechanism ; High-pressure Flap Actuation ; Tricycle Under- 
carriages ; Fuel and Vacuum Pumps, etc. 


Wulfruna Works, Moorfield Road, WOLVERHAMPTON 


MAKERS OF AIRCRAFT PARTS 
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Men 





FOR many years we have specialised in ' 


Toolwork for Aircraft and Armament 
from design to finished product......... 
Jigs, Fixtures, Gauges and Press Tools. 


WINGS - TAIL PLANES - ELEVATORS - FINS AND 
RUDDERS - ENGINE COWLINGS AND AIRSCREW 
SPINNERS - NACELLES AND FAIRINGS - SEATS 
RADIATOR SUSPENSION - EXHAUST MANIFOLDS 
AND DUCTS - FUEL TANKS AND AIR BOTTLES i 

AMMUNITION BOXES, ETC : 








ACE WORKS, COVENTRY 
Subsidiary Company : 

NORTHERN AIRCRAFT & ENGINEERING 
PRODUCTS LTD., ASHTON-U-LYNE 
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KEEP IN TOUCH 
WITH THE 
FOLK OVERSEAS 


through the 


Social Telegram 
Service 
PAN KE 

p/m for ESD words 


to any part of the 
British Empire 


ZA a ‘ -— gene ty I, 
/ * SPECIAL RATE NA 
for messages from or to soldiers and airmen, 


or from sailors in Gt. Britain : 
\ 





2/6 for @ words 


(with entire address free) ot 


f 


\S 
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Hand in your message at any Postal Telegraph Office or Office of 
CABLE AND WIRELESS LIMITED 


The only British owned and operated Overseas Telegraph Company 
in this country. 
MAIN TELEGRAPH STATION: ELECTRA HOUSE * MOORGATE « LONDON * E.C.2 


* For full conditions governing this service (which does not at present 
embrace Canada or Eire) inquire at any Postal Telegraph Office or 
Office of Cable and Wireless Ltd. 
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TECALEMIT 


LUBRICATION © GROUND EQUIPMENT ° 
OIL CLEANING AND FILTRATION 





Since 1935 the famous Bristol aero engines powering 
British Bombers and Fighters throughout the world 
have used Tecalemit Oil Cleaners with complete success. 
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TECALEMIT LTD 
GREAT WEST ROAD 
BRENTFORD MIDDX. 


Telephone: 
EALing 666! (13 lines) 
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wD a= 
Prone NITRALLOY LTD., orm: for OPTIMUM 

SHEFFIELD NORRIS DEAKIN B*°S KING ST., SHEFFIELD SHEPELD HARDNESS 
AND 
STRENGTH 
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FINE PRECISION 
INSTRUMENTS 


Supplied to 
the Air Ministry and 
the Admiralty 


REID & SIGRIST LTD. 


REID & SIGRIST LTD, SHANNON CORNER, KINGSTON BY-PASS, NEW MALDEN 


THE FIRST AND STILL ei 
THE LEADING SPRINGS 


of the Aircraft Industry 
© 


FITTED for SAFETY 
Geo. Salter & Co. Ltd. 


















AN 


WEST BROMWICH - ENGLAND 
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RIGHT 


Every 
‘lime! 


WE once saw a very big firm 
countersinking its rivet holes with an 
ordinary oversize twist drill. It was very 
slow, because the drill had to be lifted 
every few turns to check the depth. It 
was also risky, for there was nothing but 
the fear of the sack to stop the man 
going right through the sheet. 


So we produced for them this simple 
version of the Mighty Atom drill. It has 
an adjustable nose which limits the depth 
of countersink. It has a pilot on the 
cutter which keeps the countersink con- 
centric with the hole. Now the above- 
mentioned firm (and many others too) do 
their countersinking in far less time and 
in complete security without marking or 
scratching the sheet. And every counter- 
sink is true and clean and to precisely 
the correct depth. Are you sure that 
the same is true of your own works? 


TYPE MIC ADJUSTABLE-NOSE COUNTERSINKING TOOL. 
Weight 1) Ibs. Maximum outside diameter of countersink {*. 
2500 r.p.m. Also available in higher and lower speed Mighty 
Atom and Power Atom tools. Prices and delivery on request. 


Desoutter Bros. Ltd. 


LIGHTWEIGHT PNEUMATIC AND ELECTRIC TOOLS 


SPECIALISTS POWERFUL 


Colindale 6346. "Grams: Despnuco, Hyde, London. 


Dept. B, The Hyde, Hendon, London, N.W.9. 











C.R. Casson 1s 
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Pressmgs 
Sheet Metal Work 
Spmmwngs 
Assemblies 


Fully ALD Approved 


SPECIALISTS WITH 


EXTENSIVE RESOURCES 


CORFIELDG 
BUCKLE LID 


TRAFALGAR WORKS, STATION ROAD, 


MERTON ABBEY, S.W.!9 LIBERTY |[144 (7 LINES 
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. but he was such a good fellow that his business 
partners overlooked his occasional lapses — they 
could afford to. 


But now that Mr. Smith is in the Army — in 
fact, Gunner Smith, ‘Number Seven’ on Sound 
Locators—his new colleagues are all those human 
beings within a radius of many miles whose safety 
depends on his unfailing accuracy. 


Occasional lapses can no longer be afforded. 


THE SAVAGE SOUND LOCATOR TRAINER 
has removed all uncertainty from the training of 
this vital personnel. It does four things in the 
best and surest way :— 


1. Immediately detects the recruit de- 
ficient in binaural sense so that no 
time is spent in profitless training. 


2. Gives continuous, economical and 
——— progressive instruction indoors, on 
— a moving source of aircraft sound. 


3. Provides the only means of regular 
“refresher’’ practice to personnel 
already in the field. 





ae 
aA Ey 4. Gives a continuous and permanent 
record of the operator’s accuracy. 


PLEASE SEND FOR FULL PARTICULARS 


SAVAGE & PARSONS 


TE OD 


WATFORD 


MAKERS of the SAVAGE SCANNING SEARCHLIGHT 
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150H.P.CIRRUS “MAJOR” 
90 HP. CIRRUS “MINOR” 


Products ot the Pioneers of 4 cyl.-in- 
line Air-cooled Aero Engines, these 
two models incorporate [5 years’ 
experience in designing and construct- 
ing engines of this type. 


They are in world-wide use and are 
renowned for their SIMPLICITY, 
ECONOMY and RELIABILITY. 
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Output Doubled! 
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Drilling time tests show 


twice the 


Macrome treated tools’ 


* The Macrome Treatment 
can be applied with equally 
beneficial effect to all types 
of Drills, Taps, Cutters, 
Saws, Screwing Dies, Ream- 
ers, Turning Tools, etc. 
Tools treated and re- 
despatched within 24 hours 
of receipt. 














This report from a Midland 
manufacturer is typical of 
many received. It shows 
how Macrome Treatment 
could help to speed up ycur 
output and overcome the 
difficulty of inadequate tool 
deliveries. 


output from 











Drills used Usual make untreated j MACROME TREATED 
Material No. of T No. of Chee 
worked on Holes Drilled — Holes Drilled = 





Grey Cast Iron 339 Shours}| 1,001 | 8 hours 
3°, Nickel D 
Sicdestes Goud S| 6 hours 106 | 5 hours 


5° Nickel Direct ; 
slerdoning Senet | 40 I0Ohours 100 8 hours 




















Send AT ONCE for details— 


London Office : M A C be 8) M E 
KINGSDOWN, 

MERSTHAM, SURREY 
Telephone : Merstham 55 L | M | T E D 
Manchester Ofce F.Dept, HAY MILLS, BIRMINGHAM 


62, MARKET STREET 
Telephone : BLAckfriars 1324 Telephone : VIC. 1283-4 











THE MOUNTINGS YOU-NEED © 















ANTI-VIBRATION 
MOUNTINGS 


APPROVED BY AIR MINISTRY 
These aircraft mountings are made in a wide range of 


shapes and sizes 


types of Aircraft Instruments, Wéing-Tanks, Radio- 
Equipment and Instrument Panels, etc. 


and have been fitted successfully to all 





& T. B. ANDRE RUBBER : 


co., LTD., 
Kingston By-Pass, 
SURBITON, SURREY. 
Technical Rubber Specialists 


Mouldings, Seals, Joints, 
Gaskets, etc., in natural 
and synthetic rubber for 
carrying loads, transmitting 
power, resisting oil 
and heat up to 180°C 
Non-thermoplastic bonding 
of either natural or 
synthetic rubber to metal. 












this &) 
Booklet \ eee 


MSILENTBLOC 


(4 tines) Victoria Gardens, Ladbroke Road, Notting Hill Gate, W.11 











MISANI 
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PRESTCOLD Refrigeration 


for dural, rivet, strip and blank storage plays its part in the 


For obtaining the utmost efficiency from heat treatment and from ° 
presses, Prestcold refrig>ration cquipment (patentapplied for) is essential. It construction of the 
is already installed in many aircraft factories and d:lays age-hard :ning of rivets Short Bro thers 
up to a certain 48 hours and in many cases up to 100 hours, while press effici- 
ency when working with blanks has ben increased by as much as 400%, with a Sunderlan d 
big reduction in scrap loss @ An investigation of the application of Prestcold ° 

- refr.geration equ p men in your factory would cost you nothing. Consultations and Flying Boat 
quotations are given in any part of the country. The enormous resources and a 
unequalled metallurgical experience of the Pressed Steel Company are available 
to every aircraft manufacturer. 


PRESSED STEEL COMPANY LTD., COWLEY, OXFORD. 


and at Power Road, London, W.4. * 8&8 Temple Street, Birmingham, 1. 


Refrigeration in 
all its applications. 








wi tal: | 
Specialists in: Tel. : Cheltenham 52806 


ALL TYPES OF OIL, FUEL, AND WATER TANKS, SHEET-METAL WORK FOR AIRCRAFT AND ANODISING 
V.P. Airscrews Ltd., Windsor Street, Cheltenham (Sheet Metal Dept.) 






































Bendix Tail Wheel 
Knuckles—Steerable and 
swivelable, thus increas- 
ing ground maneuver- 
ability appreciably. 


Bendix Wheel and 
Brake—Low air resist- 
ance, due to smooth con 






tour; a type in general 
military service. 










Bendix 

Pneudraulic 
Shock Struts— 
The impact shocks 
dissipated hydrau- 
lically, taxi-ing 
shocks pneumat- 
ically. Designed 
individually for 
particular load 
























Bendix Pilot Seat — 
Developed for military air- 
craft. Weighs 7'; pounds. 
Subjected to 3800 pounds 
deadweight loading test. 






requirements. 






Other Bendix Aircraft Products: Bendix Radio Direction Finding, Navigation 


Control, Radio Compasses, Blind Landing Devices, Transmitters and Receivers, 
Range Transmitters, Communicating Systems * Eclipse Aviation Starters, Retract- 
able Landing Gear Motors, Generators, Aircraft Radio Dynamotors, Automatic 
Supercharger Regulators, Hydraulic Remote Control, Engine Synchroscope, 
Deicer Equipment, Auxiliary Gasoline Engine Power Equipment, Fuel Flow- 
meters, Flexible Metallic Tubing, Hydraulic Pumps *¢ Bendix -Scintilla Aircraft 
Magnetos « Bendix Aircraft Spark Plugs, Radio Shielding and Fuel -Injection 
Systems * Stromberg Aircraft Carburetors * Pioneer Aircraft Instruments, Com- 
passes, Turn, Bank and Climb Indicators, Altimeters, Tachometers, Air Speed 
Indicators, Octants, Fuel and Water Level Indicators, Ammeters, Switches, 
etc. © Bendix Landing Gear Equipment, Airplane Wheels, Brakes, Pneudraulic 
Shock Struts, Tail-Knuckle Assemblies, Pilot Seats « Friez Weather Instrumects. 
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In order to have “what it takes” for landing with 
minimum shock, for a well-controlled taxi-ing run 
and for sure and smooth take-off, most modern air- 
planes are safeguarded with Bendix Landing -Gear 
Equipment. Years of painstaking analysis of every 
force set up during the critical moments of ground- 
contact, underlie the design and dimensioning of 
Bendix Pneudraulic Shock Struts, Bendix Wheels 
and Brakes and Bendix steerable and swivelable 
Tail-Knuckle Assemblies. 

Initial impact shocks and the lesser bumps of taxi 
and take-off runs are efficiently absorbed; decelera- 
tion is effected in minimum distance and with direc- 
tion nicely controlled; easy rolling and tail maneu- 
verability, by hand or by tractor, facilitates moving 
the plane inside the hangar or on the w arm-up line. 

Every facility, every compilation of landing-gear 
data, every benefit of Bendix’ years of experience in 


this specialized work, is at the industry's command. 


BENDIX 


AVIATION CORPORATION 
EXPORT DIVISION 


30 Rockefeller Pleza, New York, N. Y., U.S. A. 
Cable Address: “Bendixcorp” 
Licensees in Great Britain 

Eclipse Products: 
ROTAX, LTD., Willesden Junction, London, N.W. 10 
Stromberg Carburetors: 

ZENITH CARBURETOR CO., LTD. 
Honeypot Lane, Stanmore, Middlesex 
Pioneer Products: 

SMITH’'S AIRCRAFT INSTRUMENTS 
Cricklewood Works, London, N.W. 2 
Airplane W heels and Brakes: 

BENDIX, LTD., Kings Road, Tyseley, Birmingham 
Hydraulic Remote Controls and Actuation: 

AUTOMOTIVE PRODUCTS CO., LTD., Leamington § 
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SPERRY Blind Flying 
Instruments are fitted 
as standard equipment 


on all R.A-F. aircraft. 
BRITISH MADE THROUGHOUT § 
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THE SPERRY GYROSCOPE CO., LTD., Great Wes 


t Road, Brentford, Middx. Telephone:—£aling 677! (10 lines) 








Specify ““Musgrave”’ 


for all FAN 


EQUIPMENT 


Designed by experts, Musgrave Piant is efficient, 
economical, built to give years of hard service 
without trouble. 





The Fan illustrated is a large Musgrave 


HEATING VENTILATION 
AIR CONDITIONING 


‘*G’’ Type Ventilating Fan. 


Musgrave 


and Company Limited 


ST. ANN’S IRONWORKS, BELFAST 


DUST AND FUMES REMOVAL 
DRYING 





LONDON * MANCHESTER * BRISTOL e CARDIFF * GLASGOW 
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Apail 
TO DESIGNERS, ENGINEERS 
AND EXECUTIVES FREE ON REQUEST 


HEN designing parts that are to be cast it is essential for the 

designer to have some knowledge of the foundry methods demanded 
by the particular metal that will be used. Only thus can he take fullest 
advantage of the characteristic qualities and advantages possessed by 
the metal. 


Designers, engineers and executives who apply on their business letter- 
heading, are therefore offered with confidence copies of a new and 
authoritative 56-page book dealing with the principles of casting design 
for “Elektron” magnesium alloys. This is a translation of a paper given 
by one of the world’s leading authorities on the subject, and is 
fully illustrated with photographs and diagrams. It will 
form an important addition to the reference libraries 
of all engaged in the design and fabrication of light 
metal parts and components. 


“Elektron” is the only constructional light metal 
produced from British ores—and supplies 80% of British 
magnesium alloy requirements. 





* Sole Prodycers and Proprietors of the Trade Mark Elektron 
> 


* Suppliers of Magnesium and Elektron Meta 
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Desi igners and i Hat 


SOUTHAMPTON AIRPORT, 











t= High speed craft 
— for air co-operatic 


Fast tenders for service, repair and rescu 


Medium speed general utility ta: 


THE WALTON YACHT WORKS LTD., WALTON BRIDGE, SHEPPERTON, MIDDX. | 
Contractors to the Admiralty and Air Ministry Phone: Walton-on-Thames, 25 
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AIRSPEED OXFORD 


for aerial gunneryy 
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| SIDDELEY | 
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CHEETAH ‘H ENGINES 
in production for the Empire Training Scheme in Canada 


_ ARMSTRONG SIDDELEY MOTORS LTD. (BRANCH OF HAWKER SIDDELEY AIRCRAFT co. _ LTD.) 
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J ARMSTRONG WHITWORTH 


WHITLEY 
HEAVY BOMBERS 
IN ACTIVE SERVICE 
WITH THE R.A-F. 
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ROYAL AIR 
FORCE 
. UNIFORMS 





If you are taking a Commission 
in the R.A.F. you will need the 
services of Herbert Chappell for 
your uniforms and 
equipment. Please write 
for booklet to:— 


HERBERT CHAPPELL 


TAILORS & OUTFITTERS TO THE ROYAL'‘AIR FORCE 
58 Conduit St.,W.1 50 Gresham St., E.C.2 


Mayfair 2242 Metropolitan 6839 
AND 156 VICTORIA ROAD, ALDERSHOT 









OrLIite 
SELF-LUBRICATING 
BRONZE BEARINGS 


These Bronze Bearings give Auto- 
matic lubrication under all service 
conditions, and are specially suitable 
for Aircraft of every kind as well as 
accessory equipment. 


OILITE is sanctioned by the Air 
Ministry for bearing loads up to 
3,000 Ibs. per square inch, and has 
been adopted on all the important 
makes of Aircraft. 


Write for Samples, and copies of 
our Oilite Brochure T.|. 





THE MANGANESE BRONZE 
HANDFORO WORKS. IPSWICH 


& BRASS CO. LTO 


Tetephone-IPSWICH 2127 
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PROGRESS - DEPENDS - ON - MATERIALS 
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NESIUM CASTINGS & PRODUCTS LTD « SLOUGH 
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MASTER CONTROL CARBURETTER 


Incorporating three-stage Variable Datum Boost- 
Control and two-stage Automatic Mixture 
Control. 







The HOBSON COCKPIT CONTROL 
(Interlocking Throttle and Mixture Levers) 
Incorporating as required, landing light levers, 
bomb and firing switches, fuel cocks, brake 
levers, V.P. propeller controls. 
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HOBSON = COMPONENTS ' 
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BT 47-55 THE VALE, ACTON, W.3 phone : Shepherd's Bush 3321 





LISTEN FRITZ! 
You WANT 
THE BEST 
SEATS — 
WE HAVE 
THEM" 


With Acknowledgments 
Jo Keith Frowse Ltd 
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RUM MOW Secs: 


L.A. RUMBOLD & CO., LTD., KINGSGATE PLACE, KILBURN, N.W.6. Tel.: Maida Vale 7366/7/8 
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**The Aeroplane’’ said this about the 
Cygnet, 3lst May, 1940 


“Those who will fly the little 
machine in other lands may be 
expected to develop the sort of 
affection for it which is felt by 
the fortunate visitor to whom it 
restored for one sunny afternoon 
the delights of the air. Its best 
testimonial is that it almost 
allowed him to forget it, while he 
rejoiced once again in the atmo- 
sphere of freedom.” 


Full details of the Cygnet sent on request. 
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VAAL RIVER + SOUTH AFRICA 


, 








*CYGNET 


A GENERAL AIRCRAFT PRODUCT 
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GENERAL AIRCRAFT LTD.., THE LONDON AIR nT FELTHAM, MIDDX. 
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It has been necessary 
to instal considerable 
additional plant to 
oe cope with the great 
“a © demand for €E.S.C. 
© Small Tools. 
» Look for the @ trade 
mark, a guarantee in 


itself. 


ENGLISH STEEL CORPORATION 


LIMITED 


OPENSHAW MANCHESTER 
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R.A.F. MEN All My Own Work (No. 513) $ By Grimes 





LEARN ON || » © * 
“REAL THING” 


MONG the aircraft in which 
R.A.F. pilots receive ad- 
vanced flying instruction 

is probably the fastest training | 
aircraft in the world—the Miles | 
*“ Master I.” 

Designed especially to reproduce al! 
the conditions of modern high flying, 
the “Master I” marks a long step 
forward from the old-time trainers. 

It has the look and feel of a high- 
speed fighter and is indeed, suffi- 
ciently powerful and manceuvrable to, 
be reckoned as quite a useful fighter 
or speedy general-purpose aircraft. 


“TANDEM " MODEL x 

The Miles * Master” is a low-wing,\> ¢ 
cantilever monoplane. In its trainer ® 
form it has two seats arranged in /|}é7 
tandem style and dual controls 

A_ Rolls-Royce “Kestrel” engine 
developing over 700 h.p. and fitted 
with a Rotol constant-speed airscrew | 
gives it a wide range of speed and a | 
normal maximum of about 250 m.p.h. 

The wings, which are very stout, 
have an unusua] upward curve, giving 
the front silhouette something of 
appearance of an inverted gull. 


FIGHTER PLANES 


The wing span is 39 feet and th 
length just over 30 feet These mea 
surements are much the same as 
those of the “Spitfire” fighter. and 
the wing loading is also similar 

These similarities. with plenty {.~ 
power, help to give the “ Master "| ‘4 
characteristic “ fighter feel.” a 

The “ Master” is used in the filL_-— 
stage of a fighter pilot’s instruct. 
and for giving instruction in dive a 
low-level bombing. ¢ 


Nazis Fit, ©~’ 
Fi 


ERMANS have a° 
for unorthodox seal 
British pilots have ‘comm: 

the contribution to the dec 

Scheme of the enemy's air de 
afforded by coloured searchligh. 
One theory is that orange or vi 
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AIRCRAFT LIMITED 


SOMEWHERE 1N 


ENGLAND 


“ Srips 
Still 
“opular 


ONDONERS can still enjoy one 
of their favourite outings— 


j 


















The charge for advertisements in these columns is 


d. per word, minimum - Fac paragraph 1s 
charged separately. Special rates : Situations 


Wanted only, 2d. per word, minimum 2/-. Ad- 


vertisements for Auctions, Contracts, Patents, 
Legal and Official Notices, Public Announc e- 
ments, Tenders, 3/- per line. Each issue 
closes for press first post Tuesday. Insertion 
in a particular issue is not guaranteed, and advertise- 
ments too late for a particular issue or crowded out 


fpoer 


CLASSIFIED ADVERTISEMENTS 


sent per registered post. Box Numbers. — For 
the convenience of private advertisers, letters may be 
“LIGHT.” 


will appear in the following issue unless we are 
otherwise instructed. Series Discounts. — 
Particulars on application. The Proprietors are not 
responsible for clerical or printers’ errors, although 
every care is taken to avoid mistakes. All advertise- 
ments must be prepaid. Cheques and Postal Orders 
made payable to" FLIGHT * Publishing Co., Ltd., 

and crossed. Notes cannot be traced if lost in transit. 
They must, therefore, be regarded as being des- 
patc hed at sender's risk. Alternatively, they may be 









addressed to numbers at the offices of * 


When this is desired, the sum of 1/- must be added 
to the advertisement charge, whic h must include the 
7. Box 000. c/o * Flight.” Address for replies, 

No. 000, c/o‘ FLIGHT," Dorset House, Stamford 
Sesest, Leaden, S.E.1." he Proprietors retain 
the right to refuse or withdraw advertisements at 


their discretion. 








BRIAN ALLEN AVIATION LTD. 
Distributors of 


‘TIPSY’ & ‘STINSON’ 
AIRCRAFT 


European Distributors Southern Dis'ributors 
STINSON. TIPSY 
LONDON AIR PARK, HANWORTH, MIDDX- 
Feltham 2237 8. 











TIPSY 
AIRCRAFT CO. LTD. 


Feltham 2237. (Under Licence from Fairey Aviation 
Co., Ltd., Hayes, Mdx.) 


Sales : HANWORTH, MDX. 
Factory : SLOUGH. 
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Air Navi; 


New 208-Page Handbook FREE 


The new edition Lo our handbook “ ENGINEERING 


OPPORTUNITIE is now out of the Publisher's 
hands and ready for free distribution. Almost a million 


copies of this book are already in circulation, and all 
who are interested in the present and future possi- 


bilities offered in all branches of Aeronautics are 


advised to send for a copy of this book immediately. 
Our courses are approved by the Royal 
Aeronautical Society, and every student 
is accepted under a “‘ SATISFACTION 
R REFUND OF FEE” agreement. 
2.T. Homestudy Courses in Aeronautical Engin- 
eering, Aeronautical Design and Aero Engines are the 
most up-to-d: ate available. We also specialise in 





coaching (on “NO PASS—NO FEE” terms) for the 


A.F.R.Ae.S., A M.1.Ae.8., Ground Engineers’ Licence, 
mere Certificates, Pilots’ “BB” Licence (in- 
cluding Blind Flying) and other Aeronautical Examina- 


luons. 


Full particulars of all these Courses and Examinations 
will be found in our 208-page handbook You should 


write for a free copy to-day. The handbook contains 


a great deal of valuable information, and should 


certainly be on your bookshelf for reference. 


BRITISH INSTITUTE OF 


ENGINEERING TECHNOLOGY 


306, Shakespeare House, 17-19, Stratford 
Piace, London, W.1 











a AERONAUTICAL 


= ENGINEERING 
Chelsea, London, S.W.3 


President : THE VISCOUNT WAKEFIELD 


A complete training with workshop 
and aerodrome experience for the 
administrative side of aviation. Special 
arrangements for students unable to 
complete full course before Military 
Service. Day and Residential. 


Syllabus from the Principal. 











"Quick deliveries 


OF CASTINGS FOR 


AIRCRAFT<« JIGS 


AND FIXTURES. ALSO ALL TYPES OF MEEHANITE CASTINGS 
LET OUR REPRESENTATIVE CALL ON YOU. WRITE TO 


— 








WINGET LTD ROCHESTER KENT 





AIRCRAFT FOR SALE 
verse AS Buyers Please Note!!! 


W: S. SHACKLETON, Ltd., the biggest Euro 


pean dealers in and exporters of used aero 


| planes, offer from stock or option Tigers, Moth 
| Minors, Moths, Whitney Straights, Fox Moths, 
Leopards, Q.6s and Vegas, Swallows, Double Eagle, 


Stinson, Fairchild, Cubs, ete, ete. We have over 
100 azroplanes from which to choose. Prices quoted 


C.1.F. any Dominion, Colonial or friendly Neutral 
port (subject to Government approval) in local 


( ES ney. 


S. SHACKLETON, Ltd., 175. Piccadilly, 
CONSULTANTS AND ENGINEERS 
Ww S. SHACKLETON, LTD., Aeronautical Con 

sulting Engineers and Merchants; aeroplanes 
and motors purchased, packed and delivered to all 
parts of the world.—175, Piccadilly, London, W.1. 
Tel.: Regent 2448-90. Cables: Shackhud, London. 
CONTRACTS WANTED 
ws ORK Wanted for Well-equipped Factory ; 


band-sawing, shaping, saw milling, assem- 


bling, ete.; high rate of production; own transport 
if required.—Box 2487, c/o Flight. [3325 
We Ltd., require further contracts for sheet 
4 metal work, tubular work, screwed wires, cad 
mium plating, sandblasting, cellular and stove 
enamelling; A.I.D. approved Part I.—Asco, Ltd.., 
Broadheath, near Manchester. | 3202 


hy yn (IN ENGLAND), Ltd., A. E. Cart- 

lidge, managing director, makers of sheet metal 
stampings for aircraft, own tool room, presses up 
to 300 tons; approved inspection. Longmoor Lake, 
Wokingham. ‘Phone: Eversley 2256. (3311 


. W. WALKER & SONS, LTD., require further 
J contracts for wooden jigs, dies and hardwood 
press tools for sheet metal and panel work; A.I.D. 
(Part 1) approved factory; prompt attention to all 
enquiries.—Offices and Works, Braintree Rd., Ruis 
lip. Tel.: Ruislip 2255. 3366 

TNIVERSAL TOOLS, Ltd., have now equipped 
[ their new factory with large range of presses 
up to 75 tons; having own tool room, prompt de 





liveries can be effected of pressings, assemblies, | 


ete.; A.1.D. approved; over 30 years’ experience with 
difficult problems.—Universal Tools, Ltd., Tramway 


Path, Mitcham. ‘Phone: Mitcham 2634. [0172 
LL.D. Approved Firm in Midlands With Presses 
i up to 100 Tons, also with own tool and die 


department, normally accustomed to clean and 
accurate work, can undertake sub-contracts for 
stamped and pressed parts, and also with complete 
assemblies if required.—General Presswork & Stamp 
ings, Ltd., Noble St., Leicester. Tel.: 50878. [3365 


PUBLIC APPOINTMEN 
IR MINISTRY. 
CNIVILIAN Instructors Required. 


YJACANCIES Exist for Civilian Fitter Airfram 


Instructors at an Initial Rate of pay of £4/5 | 


a Week Inclusive, increasing to £410 a week on the 
satisfactory completion of a probationary period, 
and thereafter by annual increments of 2,6 per 
week to £5 per wee 

TF\HE Necessary Qualifications Are:— 


_ Airframe.—Instructors must have a gov i 

knowledge of airframe component constructiot 
and a knowledge of rigging and principles of flight; 
knowledge and treatment of materials used in air 
frame construction are also required. 


gg none L Candidates May be Required to 
h 


Undergo a Short Course of Training During 
the Early Stages of Their Employment to Fit Them | 


for Their Duties as Instructors. 

Lhe ey also Occur for Selected Applicants 
with a Theoretical or Practical Knowledge of 

an Allied Trade to the Aircraft Industry who are 

Capable, after a course of instruction, of qualifying 

as fitter airframe instructors. 

PPLICATIONS Should be Addressed, in writing 
+A only, to the Under Secretary of State, Air 
Ministry (S8.5.d.), Kingsway, London, W.C.2, giving 
particulars as to previous experience, age, etc.; 
suitable candidates, who must be over 30 years of 
age, will then be required to attend at the nearest 
Royal Air Force trade testing centre for the neces- 
sary trade test and medical examination,- but may 
be reimbursed the cost of third class locomotion 
expenses for this purpose. {0017 


‘London, W.1. {1744 


AERONAUTICAL 


TRAINING 


WARTIME 


Qualify by HOME STUDY with 


the T.1.G.B. 


T.1.G.B. STUDENTS HAVE GAINED 


19 FIRST PLACES in the 
Aeronautical Society’s Examinations 
(A.F.R.Ae.S. and A.M.1.Ae.E.) 
Write TO-DAY for “The Engineer's Guide to Success” 


—Free—containing the world's widest choice o/ engin- 
eering and aeronautical courses—over 200—including 
Aerona 


Engineering ; Aircraft 
Structures; Aircraft Construction; Aero 


Construction, — and Maintenance 


Materials, etc., and which alone gives 
the ciation for Qualifications such as A.F.R.Ae. ~ 
Pi 


A.M.1.Ae.E., Ground Eng’ 


ineers, 
“B"’ Licence, A.M.1.Mech.E., A.M.1.E.E., 
etc. The T.1.G.B. guarantees training until succe ssful. 


THE TECHNOLOGICAL INSTITUTE 
OF GREAT BRITAIN 


37, TEMPLE BAR HOUSE, LONDON, E.C.4 


(Founded 41917 . 20,000 Successe 8.) 


FLYING 





SUITS 








in fine quality 
serge, finished 
drill. Zip fast- 
ening front, legs 
and cuffs. In 


white, navy or 


black — 35/- 





ILLUSTRATED CATALOGUE 


of Goggles, Helmets, and other equipment FREE on request 


D. LEWIS 


124, GT. PORTLAND ST. LONDON, W.1 


No other London address. 


Tel. : Museum 4314. Tel. : Aviakit, Wesdo, Londo 











PLASTILUME. 
PRODUCTS LID. 


HIGH WYCOMBE BUCKS 
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HOTELS AND ACCOMMODATION 


IS MAJESTY'S FORCES Will Be Welcomed 
| during Leave at the Tavistock Clut, 37-40, 


Tavistock Square, W.C.1. Eus. 2775. Special terms 
6/6, room, bath, breakfast. (0156 
| OYAL OAK HOTEL, Keswick-on-Derwentwater, 

heart of English Lake district, offers restful 
holiday to Air Force Personnel. First-class accom- 
modation at reasonable charges. [2177 

PACKING AND SHIPPING 

R AND J. PARK, Ltd., 143-9, Fenchurch St., 

e E.C.3. ‘Phone: Mansion House 3083. Works: 
Dominion Works, Thames Rd., Chiswick, W.4. 


Official packers and shippers to the aircraft indus 
try; contractors to the Air Ministry and Foreign 
Governments. {O0lz 


PATENT AGENTS 
YEE & CO., 51-52, Chancery Lane, London, W.C.2 


¥ (two doors from Government Patent Ollice). 
Holborn 4547-8. {0014 


PHOTOGRAPHIC 
PHOTOGRAPHIC Materials, plates, postcards, 
papers, mounts, chemicals, super quality; 
prompt service; interesting money-saving lists free 
Kindly thoughts and happy landings.—Ed. E. 
Kimber, 105, Queens Rd., Brighton. {0150 
SITUATIONS VACANT 


] EQUIRED, ground engineers, fitters and riggers 
with A.I.D. approval.—Air Dispatch, R.A.F 
Station, Cardiff. {0171 


LC ppt ag Instructor required immediately; 
a practical pilot with lecturing experience pre 





ferred.—Box 3892, c/o Flight. [3387 
( XY-ACETYLENE Welder for Sheet Metal Work, 
able instruct apprentices, London area.—Apply 
Box No. 6362, 69, New Oxford St., W.C.1. {3392 
| ye eH aireraft metals warehouse, London | 
district; strict disciplinarian and tactiul; | 
state age, experience and salary required.—Box 
3s, C/o Flight. [3380 


‘tres Inspector Wanted for Aircraft Factory in 
the West Country; only those with first-class 
experience and Air Ministry 


Write, giving full particulars, age and = salary 
required.— Box 3829, c/o Flight (3363 
SITUATIONS WANTED 
pus. age 42, 4,000 hours all types, flying in 

structor, “A,” “B und 2nd class navigator’s 
licences; Link instructor, visual and blind; desires 
post in aviation ground or ftlying.—Box 3807, « 
Flight [3391 
yee Tr Chief Designer, chief draughtsman or 
4 technician post desired by advertiser, latterly 
engaged on development of high-speed monoplanes ; 
latest experience in wood an! metal, stressed skin, 
wing stiffness investigation Box 38%, ¢/0 Flight. | 


SSISTANT Manager or 


y Position, preferably near London; wide aero 
nautical and electrical experience, keen and ener 
getic, capable of organising and increasing produc 
tion; highest qualification ind = references Bo 
3877, c/o Flight. ‘ 
NXPERT Press Photo pher, with full technical 
4 
4 knowledge of gene! photography, can help 
you now, and when this > over During mas 
production is the time to organi your photo 
graphic section.—M. Spry, 87, Deodar Rd., Putney 
London. [3385 
] ESIGNER-INVENTOR Aircraft, many years 
experience experimental machines, components 
detail parts, jigs, tools, fixtures; administratio: | 
and control; salary commensurate with responsi 
bility A.F.R.Ae.S., 803, Rochdale Rd., Slattocks, | 
Rochdak [330 


Technical Manager Seeks | 


| 


Certificate need apply. | 


uci 





Aeronautical 
Draughtsmen 
in Great Demand 


The ever-increasing de- 
mand for aircraft has 
caused an_ insatiable 
demand for Aero- 
draughtsmen and in- 
spectors. So acute is 
the present shortage 
that employers are only 
too anxious to engage 
those with no previous 
practical experience 
who are able to prepare 
neat and accurate drawings. 
QUALIFY AT HOME—IN SPARE TIME 
After brief intensely interesting study—under- 
taken at home in your spare time— YOU can 
secure an attractive and interesting post as 
Aero-draughtsman. Numerous vacancies are 
also available in Electrical, Mechanical, etc., 
branches of Draughtsmanship and Inspection. 


FREE GUIDE 


The FREE 1940 Guide contains 120 pages 
of information of the greatest import- 





ance to those seeking entry or advance- 
ment in Draughtsmanship and other 
Branches of Engineering, Civil Service 


and Municipal work, together with par- 
ticulars of our remarkable Guarantee of 


SUCCESS—OR NO FEE 


Write now for your copy of this remarkable 
publication. it may well prove to be the 
turning point in your career. 


NATIONAL INSTITUTE OF 
ENGINEERING 
Department 427, 148, HOLBORN, €E.C.! 


(South Africa Branch E.C.S.A. P.O Box 84/7, 
Johannesburg.) 











The World’s Largest 


and Greatest 


School Teaching 
& by the Postal Method 


cflers ccund inscruction in Aeronsutical Engineering, 
Aeroplane Designing, Fitting and Rigging, and Aero- 
Enginc Fitting and for the Ground Enginecrs’ Licences, 
Categories A, B,C znd D, and the Membership and 
Associste Membership Examinations of the Royal 
Aeronautica! Society. Send for our special booklct 
“Aeronautical Engineering.” It is a mine o! valuable 
information on how to win promotion and better pay 
And it is free. So are the willing services of our 
Advisory Departmert Write to 


INTERNATIONAL 
CORRESPONDENCE SCHOOLS, Dept. 182, 
International Buildings, Kingsway, Londen, W.C.2 
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GOLF 


<] ce Super Match Set, comprising cight rust 
graded, doubje-langed irons, three splen 
woods, medium whip and length; also hooded 


sag; accept 6 gns. lot.—Bird, 57, Caldmore Ki., 
3 


less, 


Walsall [3384 
TECHNICAL DRAWINGS 
re rs URGENTLY REQUIRED — tre 

manufacturers or sub-contractors Technical 


drawings, tracings draughtsmanship, exploded 


| diagrams, etc, No job too large—no job too smal 

Gavin Starey, Aviation Drawing Service es 
Southampton St., Strand, 3 Tem, 5909, of 
| Mac. 4227 0 

| TIME RECORDERS 

‘TAFF Time Checking and Job Costing Time Re 
| \) corders (all makes) for quick cash sale; ex 
ceptional condition.— Box 3788, c/o Flight. (0040 


BOOKS 


B°! ND Volumes of Flight for Sale, property of 
the late Mr. Stanley Spooner; 1909-1939 (com 


plete); 1009-1981; also bound volumes for the f« 
| lowing years: 1909, 1910, 1011, 1913, 1914, 1915, 1916, 
| 1917, 1918, 1919, 1920 and 1921; and 1909, 1910, 1911 
| 1912, 1929, 1930 and 1931.—Box 3893, c/o Flight. 83 
} VOUNDATIONS of Wireless.” By A. L. M 
' Sowerby M.S« (Second Edition.) An 
| clementary textbook on wireless receivers All 

the vital points in receiver-design are treated 

'l detail.—Price 5/- net. By post 5/5, from Iliff 
mi Sons Ltd., Dorset House, Stamford St., Lon 
dor 8.E.1 









piGht 
AIRCRAFT 
IDENTIFICATICN CHART 
OF GERMAN 
TROOP CARRIERS 


Nine views of enemy troop-carrying 
aircraft with illustrations of the 
parachutes used by the Germans, 
enabling anyone to identify at a 
glance enemy aircraft of this class 


Printed on a white card and measuring !|2 10 inche 





conveniently folde« 


for the pocket 


PRICE Gd. Post free. 


rom 


co. LTD 
London, 5$.E! 


FLIGHT PUBLISHING 


Dorset House, Stamtord Street, 














“FLYING 


», SQUIRREL” 
Motor Cycle! 


a Built to ‘Aero’ Standards 
& Write for Free Brochure 


THE SCOTT MOTO LE CO SHIPLEY. YORKS 











ELECTROPLATERS 


| 


CADMIUM, ANODISING, 
HARD CHROME 


Aneroved nd all Aireraft Finishes Es? ia90 
SPAW ST-CHAPEL ST: SALFORD.3 - MANCHESTE 





DURAPLL 


THE ALL BRITISH 
AERONAUTICAL PLYWOOD 
ant IMPROVED WOOD 


F. HILLS & SONS, TRAFFORD PARK, MANCHESTER, !7 











PERRY BARR METAL CO., LTD. 














BIRMINGHAM 
FOR AIRCRAFT UNITS & ASSEMBLIES 


"Phone : Northern 3356/7 


IN LIGHT ALLOYS 


"Grams : Perbarmet, B'ham 
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FELEKTRON 
DURALUMIN 


MANUFACTURED IN <MG > 


RODS, TUBES, 
FORGINGS, WIRE, 
ALDUI RAL 


STRIP, SHEETS, 
SECTIONS, STAMPINGS 


& COMPANY 
(1915) 
LIMITED, 


JAMES BOOTH 


ARGYLE STREET WORKS, BIRMINGHAM, 7. 


_ TREGRAMS:- 
BOOTH, BIRMINGHAM 


CODES - ARC. Sth £ 6th FO. LIEBERS S LETTER 
BENTLEYS SECOND PHRASE WESTERN UNION 


TELEPHONE .- 
EAST 1221 ( Pt Bch Es) 
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jenn 


JIGS ~TOOLS 
DETAILS. 
COMPONENTS, 
ASSEMBLIES 


FOR THE PRINCIPAL AIRCRAFT 
MANUFACTURERS 


BURNLEY AIRCRAFT PRODUCTS L” 


FULLEDGE WORKS *® BURNLEY 


Phone : BURNLEY 4374 Grams AIRCRAFT BUPNLEY 

















BRITISH 






ee ee © 0 > a © — 2D 


SHEPPARD 
& BENGOUGH > 


PROCESSES 


PREVENT 





“ANODISING 


LTD. 


WINDSCREENS 


cast in one 
piece toA.|.D. 
requirements 

















® BLACK AND COLOURED —_ 












NO CONTRACT NEED BE HELD UP 


RING US TO COLLECT 


Contractors to 
War Office, Admir gore Post oe ons H.M. Office of Works 
- —_ 


BRITISH ANODISING LTD. 


OFFICES AND Lp ‘Station Road, Merton Abbey, London SW19 


GRAMS: ANODISING, WIMBLE, LONDON. 


HOUR SERVICE 


Meerloo & Sons 


John 
CLEVELAND WORKS, MILE END. 





LONDON, E.!. 
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DURING A RAID 


KEY MEN MUST REMAIN ON DUTY. 


‘CONSOL 


SHELTERS 


for KEY PERSONNEL 


3) \ 


\ 


) WRITE 


' 
! ; for 
' ry for -Ne-\ mele) 6) - 
i) *y F.L.652 
fr’ 


CONSTRUCTORS 


NICKEL WORKS, ERDINGTON , BIRMINGHAM 














SIMPLICITY IN 
CONSTRUCTION 


| 


J-J-HABERSHON 


weiss &GZONS Lid. “6 


HOLMES MILLS ‘ROTHERHAM 








: fick. > Wl 
AME if Ren Ni 





PRODUCE COMPONENTS /THAT 
STAND UP TO THER JOB 





IMPROVED TECHNICAL PLYWOOD 


INCREASES STRENGTH 
ELIMINATES MOISTURE ABSORPTION 


Supplied in various densities to suit special requirements 











Enquiries for 


‘JABROC’ PRESS TOOLS %& ‘JABLO' TECHNICAL PLYWOOD 
are invited by 


E MOULDED) COMPONENTS) S 


(JABLO) trp. 








BRETTENHAM HOUSE, STRAND, W.C.2, TEMPLE BAR 1841/4606 
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We continually seek new inventions and products in mechanical DEVELOPMENT 
and aeronautical engineering for development and production by fae) 118) e Nal). 


the manufacturing Companies of the 


SIMMONDS GROUP Shell Mex House 


SIMMONDS 


LIMITED 


Strand-London-WC2 


throughout the world. 








“CONTRACTORS TO 





TEAM RIDGES 


RUBBER WORKS L? 


WNierclimes cartel 


BALLOONS 
FLOTATION GEAR 
FABRIC DINGHIES 


GENERAL FABRIC & RICCING WORK 
RUBBER COMPONENTS 


& ADHESIVES 


London Office : : 
LEA BRIDGE 
LONDON, Ss . 


Phoné “Amherst J ESTABLISHED 
5600 


= iss = 


« Priory Works ** 
ARTERIAL ROAD 
SOUTHEND-ON-SEA 
S-3°.4° 85x 

Eastwood 55392 


TUFNOL 


Regd Trode Mark. 














THE MATERIAL OF UNLIMITED USES 











E.Liison INSULATIONS LTD., PERRY BARR, BIRMINGHAM, 22 








COMPANY FOR FLOTATION GEAR, 
BALLOONS, 
PILOT HARNESS, 
PNEUMATIC DINGHIES 
AND PARACHUTES. 


Also ROFE, WIRE, CANVAS 
AND FABRIC WORK. 











R.F.D. CO., LTD., 17, STOKE RD., GUILDFORD, SURREY 
























RESTRICTORS 


Makers of all types 

of repetition pro- 

ducts from the bar 
in all metals. 


MCL*REPETITION 1 


POOL LANE LANGLEY - 8 


to the specific 
requirements of 
our customers. 


Ts ieriiintiaiinteaiies 


FLUTTER PLATES 







Bar Repetition Products 
made specially to Air 
Ministry Requirements 
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940 





FEATURES 


Rolling and air resistance reduced to the minimum. 






















Lightest in weight. 

Increased braking efficiency. 

: No brake adjustment is necessary. 

Available with either flat base or well base rims. 
Ease of maintenance. 

Total enclosure. 


— 
Sealing of braking surfaces from dirt or grease. 
SES Operated by either air or hydraulic pressure, 
acting within sealed capsule. 
_— Heat rapidly dissipated without adverse effect on 
i 
tyre. 
i Available without brakes for tail wheels. 


High braking torque for tricycle undercarriage. 
Fully patented. 


AVERY EQUIPMENT LTD 
TACHBROOK ROAD, LEAMINGTON SPA 













—_ 
“ — 
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4, Rue de Fauhourz Poissoniere, Paris. AtsTRatia: Gordor & Got 

FALAND: Gordon & Gotch, Ltd., Wellington, Auckland, Christchurch, and Dunedin 
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uver; Benjamin News Co., Montreal; Gordon & Gotch, Ltd., Toront 
News ¢ New York 
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Britain’s Power in 
the Skies. 


“ Bristol” engines have 
a long record of success- 
ful service with the Fleet 
Air Arm, and for general 
reconnaissance and tor- 
pedo bombing, the Fairey 
Albacore is fitted with 
the powerful, compact 
Taurus engine, which 
develops 1,065 B.H.P. at 
5,000 feet. 


On, BR 























